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INSERT braid and tap wire CRIMP with the Burndy Hytool 


UNIRING connections are...mechanically stable and reliable: a single crimp 
completes a uniform, vibration-resistant, insulated connection —controlled by 
full-cycling color-coded tooling—no heat or burnt cable...electrically stable: 
low resistance, noise-free...space saving: only a few mils larger than cable 
diameter. For more details, call or write OMATON Division. 
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Norwalk, Connect. In Europe: Antwerp, Belgium Toronto, Canada 
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THE COVER: Keeping in close 
touch with other U. S. Army 
Signal Corps ground units, In- 
ternational Telephone & Tele- 
graph Corporation engineer in 
control van prepares to run 
test on equipment that will 
trigger power to send 80,000 
words a minute to oncoming 
Courier satellite. This novel 
console is the “‘brain’’ of the 
system that monitors and con- 
trols the high-speed exchange 
of information between ground 
and orbiting satellite. Story on 
p. 948. 
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These Anaconda coppers help you achieve economical 
volume production of essential electronic components. 


As the use of semiconductor devices soars, production 
methods must be geared to economical volume produc- 
tion, and the selection of metal for the bases becomes 
critical. Electrolytic Tough Pitch (ETP) Copper has the 
high electrical and thermal conductivity required, but 
the severe heat cycling encountered in degassing and 
brazing the devices during manufacture limits its use. 
The copper alloy must be deoxidized or oxygen-free to 
resist hydrogen embrittlement. For secondary opera- 
tions, it must also have good machinability. And where 
high torque is used to tighten the base to the heat sink, 
it must in addition have relatively high strength. 
COPPER METALS. Various combinations of the desired 
properties are found in these Anaconda alloys: DLP 
Copper-104 (deoxidized low phosphorous), OFHC* 
Copper-120 (oxygen- free high-conductivity ), Tellu- 
rium Copper-127, Chromium Copper-999, and 
Amzirc” (Zirconium Copper )-134. 

FABRICATING METHODS. Anaconda specialists can help 
you select the right alloy and form of metal—and the 
manufacturing method best suited to meet your design 
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and fabrication problems. Depending on the size and 
design of the base, the production runs involved, parts 
may be produced in a variety of ways. Cold heading 
may be most economical for some, others might be die- 
pressed forgings, screw machine or punch-press parts. 
And for many of the smaller parts, multiple-plunger- 
press fabrication could offer the greatest economies. 
These specialists can also help you utilize such cost- 
cutting techniques as roll threading of studs, and advise 
you on welding and brazing procedures. 

Whatever your problem, Anaconda offers specialized 
technical help—yours for the asking. See your Anaconda 
representative or write: Anaconda American Brass 
Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 607s 


*Trade-mark of American Metal Climax, Inc. 
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"jase? 
Control 
Centers 


eee the mark of a modern plant 
providing the utmost in reliability, safety, 
convenience, and lasting beauty 


The superior quality of Allen-Bradley control cen- 
ters provides a modern and attractive installation 
—one that you’ll be justly proud to have in your 
plant. The cost is commensurate with the quality 
- of the workmanship— but you'll never have reason 
to regret your decision. Furthermore, Allen-Bradley 
control centers arrive completely wired and tested 
—and installed costs are usually substantially lower 
than that. of individual starters. ty 
The flexibility of A-B control centers makes | 
them readily adaptable to changing needs. Indi- — 
f vidual units can be added or modified without 
Allen-Bradley internal rewiring. In addition, entire sections can — 
Bulletin 798 be added to meet future plant expansion. 
Multi-Unit For the finest in control centers, se i 
Control Center surpass Allen-Bradley’s Bulletin 798. rite today. “ 


This shows A-B Bulletin 700 
control relays mounted in an 
A-B control center unit. 
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A-B control centers can be 
equipped with a wide variety of 
components. These Bulletin 849 
timers are used on an auto- 
matic conveyor line. er 
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This shows A-B control center unit with popular 
A-B Bulletin 709 solenoid starter and circuit breaker. 


me QThis huge, 48-foot A-B con- 
trol center houses 101 A-B 
Bulletin 709 solenoid motor 
starters. It is designed to 
permit an addition containing 
50 more Bulletin 709 starters. 


LEN-BRADLEY | woror: 


Member of NEMA CONTROL 
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tomorrow ? 


Our broad experience on EHV test lines, on 
EHV operating lines, and on our own EHV 
research programs indicates that O-B insulator 
and hardware designs need place no upper 
limit on transmission voltages. 


The designs you'll need tomorrow, in other 
words, are quite possibly the same O-B designs 
you’re using right now! 





No other insulator and hardware manufac- 
turer offers greater breadth or depth of experi- 
ence with Extra-High Voltage transmission. 


No other offers the “‘look-ahead”’ benefits 
you get today in O-B insulators and hardware! 


OHIO BRASS COMPANY, MANSFIELD, OHIO 
Canadian Ohio Brass Co. Ltd., Niagara Falls, Ont. 


PORCELAIN INSULATORS + LINE H 
BUSHINGS - HOLAN TRUCK MOUNT 











OWNER: Public Service Company of Colorado 
ARCHITECTS: G. Meredith Musick & Clayton C. Musick 
ELECTRICAL CONSULTANTS: Swanson — Rink & Associates 
ELECTRICAL CONTRACTOR: Howard Electric Co. 

TOTAL FLOOR AREA: 77,400 squore feet. 


Electrical Protection goes MODERN 
with BUSS Fuses... 


in the New Service Center 


of the Public Service Co., of Colorado 


This recently completed service center, — 
located at 2701 West 7th Ave., in Denver, 
Colorado — has fuses installed throughout 
the entire electrical system. 


The primary voltage at the underground 
transformer vault is 13,800 volts, 3 phase, 
4 wire. Secondary voltage is 120 and 208 — 
3 phase, 4 wire. 


Installed in the main service entrance are 
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BUSS Hi-Cap fuses; the sub-feeders are 
equipped with FUSETRON dual-element 
fuses and the lighting panels are protected by 
BUSS Fustat fuses. 


Modern electrical protection calls for fuses 
because — fuses cannot be equalled by any 
other type of protective device for their com- 
bined high interrupting capacity, lifetime 
dependability and maintenance-free features. 
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ALL LIGHTING 

DISTRIBUTION PANELS AND 
HEATING PANELS PROTECTED 
BY BUSS FUSTAT FUSES. 


TODAY’S INCREASED POWER 





Buss LOW-PEAK fuses; 


The revolutionary new protective 
device 


If your installation 
high 
current limitation plus long time-lag to 
prevent needless shutdowns, check into 
Buss LOW-PEAK fuses. Made in N.E.C. 
sizes from 15 to 600 amperes 


requires unusually 


interrupting capacity and great 


Ask for BUSS bulletin LPCS., 








MAIN POWER PANELS PROTECTED 
BY 2,500 AMPERE BUSS HI-CAP FUSES 
MAIN LIGHTING PANEL PROTECTED 
by 1,500 AMPERE BUSS HI-CAP FUSES. 


ALL POWER DISTRIBUTION PANELS 
PROTECTED BY FUSETRON 
DUAL-ELEMENT FUSES. 


REQUIREMENTS EMPHASIZE THE 
ADVANTAGES OF FUSES 


With available fault currents reaching 75,000 to 100,000 ampere 
or more — safe interruption of fault currents is essential to guard 
against ruined equipment, fire hazard and personal injury. 


Fusetron dual-element fuses meet todays’ demand for safety. 
They have an interrupting rating of 100,000 ampere rms 
symmetrical — and for protection of mains or circuits above 600 
amperes, BUSS Hi-Cap fuses are designed to safely interrupt 
200,000 ampere rms symmetrical. 


And fuses remain safe and accurate through the years. 
They require no expensive maintenance or recalibration — they 
are always ready to function the instant trouble occurs. 


Buss FUSTAT fuses write for bulletin SCPS 
Fusetron dual-element fuses . . . write for bulletin FIS 
BUSS Hi-Cap fuses . . write for bulletin HCS 


For more 
information on: 


i Bussmann. Mfg. Division, McGraw-Edison Co. University at Jefferson, St. Louis 7, Mo. 
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New and Improved Products... 


Telecode Transmitter .. . 


Developed for the Air Force for use 
in the 433 system to transmit weather 
and flight plan data, the semiautomatic 
transmitter is equipped with 72 mova- 
ble character switches side by side, each 


capable of being set at any of 52 al- 
phabetic, numeric, or special type D 
Teletype code signals. To transmit the 
prearranged 
pushed on the panel. A pulse can also 
be sent from a remote Teletype station 
to interrogate the transmitting station. 
Wang Labs., Inc., 12 Huron Dr., 
Natick, Mass. 


message, a button = is 


Position Control... 


A new point-to-point machine posi- 
tioning control called RAPAC has been 
developed to provide accuracy of + 
0.001 inch and repeat accuracy to + 
0.005 inch. Utilizing punched tape for 
predetermining sequences, the system 
require special machine 
designs. It will operate with virtually 
any precision machine tool or device 


does not 


requiring accurate positioning. Static 
components and encapsulated build- 
block circuitry are used wherever pos- 
sible to reduce and simplify mainte- 
nance. Square D Co., Dept. SA, 4041 
N. Richards St., Milwaukee 12, Wis. 


Selector-Counter .. . 


\ new, fully automatic, electronic 
selector and counter for conveyor line 
use optically selects and counts coded 
container items for discharge or rout- 
ing. Up to 31 different types of con- 
tainers can be individually sorted and 
counted from one conveyor line. With 
this system it is possible to automate 
warehouses and production lines where 
large numbers of different types of 
containers must be handled. The 
counting feature is useful for federal 
tax, customer billing, and production 
rate purposes, while the simultaneous 
counting feature permits the selector- 
counter to be used for inventory con- 
trol work while selective routing is 
being made. Atronic Products Inc., 1 
Bala Ave., Bala-Cynwyd, Pa. 
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Teflon Fillers ... 


These are not billiard balls but solid 
Teflon spheres used as spacer or filler 
material to maintain at low cost a 
specified volume of liquid in a con- 
tainer. Available in a wide range of 


& 

diameters, the fillers are useful where 
it is desirable to maintain a_ large 
volume of a relatively expensive liquid. 
This inert material can also be used to 
control the volume of oil used in circuit 
breakers and transformers. Garlock 
Electronic Products, Garlock Inc., 
Camden 1, N. J. 


Sensing Device... 


Ultrasonic sound waves rather than 
light waves are used to operate this 
automatic control and switching device 
called Unlike photoelectric 
beams, ultrasonic waves are unaffected 
by vibration, smoke, dust, or varying 
light conditions. Flexibility of instal- 
lation is readily achieved because sonic 
waves can be piped through a tube to 
fit dificult functional needs. Aro Equtp- 
ment Corp., Bryan, Ohio. 


Sonac. 


Voice Scrambler ... 


Using a 10-transistor circuit with 
internal batteries for power, this port- 
able security voice scrambler can be 
used anywhere by merely holding the 
device to an ordinary telephone. There 
are no wires or other connections be- 


Ff 


ae pe 


tween the two instruments. The gib- 
berish is transmitted over the regular 
phone circuit and only a second secu- 
rity phone attachment at the receiving 
end will translate it back into normal 
speech. Delcon Corp., Palo Alto, Calif. 


Circuit Tester... 


Capable of testing 167 related circuits 
simultaneously against all others, or one 
nonrelated circuit at a time, this semi- 
automatic instrument was designed to 
test insulation and high-voltage leak- 
age breakdowns in electronic compo- 
nents, cables, wire harnesses, and com- 
plete assemblies. Also adaptable for pro- 
gramming to customer requirements, 
the 7-660 provides for a variable volt- 
age test adjustment from 100 to 1,000 
volts, and from 1,000 to 2,000 volts 
potential. Trans-American Dynamics 
Corp., 149-A Babylon Tpke., Roose- 
went, 2. 2.N.7%. 


2-Way Pocket Radio... 


Operating under the 27 megacycle 
citizens’ band that requires no operat- 
ing license or permit, this low-cost, fully 
transistorized 2-way shirt pocket radio 
can be used anywhere and by anyone 
requiring reliable short-range com- 
munication. Depending on application 
and terrain, a reasonable range in 
open country is 2 to 3 miles, while in 
a crowded city among steel buildings 
the range is 1 or 2 blocks. Ross Labs., 
Inc., Seattle, Wash. 


Test Station... 


Complete test routines can be made 
with this automatic, centralized station 
where the entire test procedure is 
under the control of prepared punched 
tape. Stimuli are selected and applied 
to the object under test. The response 
is measured and digitalized and then 
compared against programmed limits. 
Measured input and output values 
with evaluation results are then simul- 
printed onto paper. The 
system can measure alternating and 


taneously 


direct voltage or current amplitudes, 


ratios, frequencies, impedance, and 
events-per-unit time. Consolidated 
Avionics Corp., 800 Shames Dr., West- 
bury, N. Y. 


(Continued on page 26A) 
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SORGEL’S SPECIALIZATION 


assures Quiet Quality dry-type transformer 
performance that’s the finest in the industry 
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OFFICE BUILDINGS HOSPITALS 


Since 1916 the principal products at Sorgel Electric 
Company have been dry-type transformers. Because 
of this long-time pioneering, specialization and 
experienced engineering, Sorgel customers are 
assured of continuous, more dependable transformer 
performance. 


The Quiet Quality of Sorgel dry-type transformers 
provide the highest efficiency, which reduces oper- 
ating costs. Sorgel specialization assures a product 
that requires little or no maintenance, and a design 
that’s easy, more economical to install. 


Imaginative progress has been, and is being, made 
every day at Sorgel. In all forms of modern elec- 
trical distribution the Sorgel product is your best 
buy in stepping down higher distribution voltage to 
utilization voltage for institutional, commercial and 
industrial buildings. Look for the Sorgel mark, and 
when you find it, youll know this electrical instal- 
lation was the first choice of a quality-conscious 
Consulting Engineer, Plant Engineer,Contractor or 
End-user who wanted to assure dependable, uninter- 
rupted electrical distribution. 





Complete Line for Every Purpose up to 10,000 Kva, up to 15,000 Volts, 
Including Special Transformers and Saturable Reactors 


SORGEL ELECTRIC COMPANY 


846 West National Ave., Milwaukee 4, Wisconsin 
Sales engineers in principal cities. Consult the classified section of your telephone directory or communicate with our factory. 
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Newly Designed Westinghouse Breakers 


The confusing assortment of letters that tagged the breakers of the past should trouble you no 
more. The reason: clear-cut designations for the new smaller size Westinghouse breaker family. 


New designations mean that specifying is simple. . . identifying each breaker is easy. 
High interrupting ratings in smaller frame sizes mean you save as much as 50% on space. 


The Westinghouse design means that you have extra-long life. unfailing reliability. 
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Are Simple to Specify/Easy to Identify 


Any way you look at it, the NEW Westinghouse breakers are the ones you'll want to use. 

More information? Contact your nearest Westinghouse representative, Westinghouse distributor, 
your independent panelboard builder... or write Westinghouse Electric Corporation, Standard 
Control Division, Beaver, Pa. 

For a large, plastic laminated wall chart of the new breaker line, write Westinghouse. 

All Westinghouse AB breakers meet or exceed NEMA and UL specifications. 


You can be sure... if it’s Westinghouse (~w) 





TWO INDUSTRY FIRSTS ASSURE 
POSITIVE AND SAFE OPERATION 


NOW ... The Hubbard Roll-Action fuse ejector...anew 
development in 200-ampere cutout operation... offers 
a positive means of ejecting 1, 2 and 3 leader fuse 
links in the 100 to 200-ampere range—thus prevent- 
ing arc restrike during fault interruptions. 


Coupled with this development is the pressure-maxi- 
mizing effect of the small bore fuse tube for rapid 
clearing of low faults. Therefore POSITIVE operation 
for all fault currents is assured. 


NOW ...Hubbard Single-Vent Small-Bore operation... 
another new development for 200-ampere cutouts... 


a SINGLE-VENTED 
200 AMPERE 


CUTOUT 


assures SAFETY for personnel and equipment because 
only a single-vented cutout operates with a single 
confined cone of gases, discharged downward—elim- 
inating dangerous “shrapnel” and conducting gases 
blown into the overhead structure. 


HOW is this possible with interrupting capacities of 
12,000 amperes at 7.8 kv and 10,000 amperes at 15 
kv? Only through Hubbard's exclusive thrust-absorb- 
ing recoil mechanism and fiber glass fuse tube—first 
made available in Hubbard's 100-ampere EHD line, 


Also manufactured in Canada by N. Slater Co., Hamilton, Ontario 


BETTER PRODUCTS dhrough Creative Engineering 


UBBARD 


AND COMPANY - 200 SOUTH MICHIGAN AVENUE - CHICAGO 4, ILLINOIS 
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Nowl.. 


SQUARE D PRECISION SNAPSWITCH 
AVAILABLE WITH 2 POLES! 


Same size and mounting 
as single-pole switch 


Here’s a precision snap switch which combines 
2-pole versatility with high electrical ratings— 
and takes no more space than a single-pole 
switch! 

The new switch is available either single- 
throw (2 normally open or 2 normally closed) 
or double-throw, and like the single-pole switch, 
it features: double-break contacts—large screw- 
type terminals—strong melamine case—simpli- 
fied mounting...a design which assures reliabil- 
ity, precise repeat accuracy and long mechan- 


Class 9007 
Type C 


DIMENSION DRAWING—FULL SCALE 
1” 

146 w 
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4 DIAMETER 

OPERATING 


fi «: 
E BUTTON 


Write tor details. Square D Company, Dept. SA 
4041 North Richards Street, Milwaukee 12, Wisconsin 
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wherever electricity is distributed and controlled 
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AND ©'4-WAY SOLENOID VALVES 


When you discuss solenoid valve requirements with an 
ASCO engineer, you benefit from the design and de- 
velopment experience of half a century. The ASCO 
specialist can recommend the right valve for your 
needs because ASCO pioneering has brought about 
the thousands of types of solenoid valves now available: 

Two-way valves in pipe sizes from 4%” to 8”—for 
temperatures from -350°F to 600°F —for pressures to 
5000 p.s.i. 

Three-way valves in pipe sizes from %” to 2” — 
for temperatures from -350°F to 600°F — for pressures 
to 1000 p.s.i. 

Four-way valves in pipe sizes from 4” to 114”—for 
temperatures from -65°F’ to 212°F — for pressures to 
750 p.s.i.— poppet or slide type. 

And ASCO can supply you with standard, explosion- 


proof or water tight enclosures — Class A and Class H 
coils — a wide range of body materials including cast 
iron, brass, bronze and stainless steel. Or trade on 
ASCO experience and have one of our engineers call. 


New! Catalog No. 202 covers the ASCO line 
of Solenoid Valves. Write for your copy today. 


For Immediate Delivery... 


World’s largest stock of Solenoid Valves. 
A complete Solenoid Valve Stock List will be 
sent to you with your copy of Catalog No. 202. 


Whatever the crucial factor in your flow control 
applications—reliability, compactness, high cycling 
rate—there is an ASCO valve that meets your need. 


ASCO Valves 


Automatic Switth C5. 50 kK HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES + SOLENOID VALVES » ELECTROMAGNETIC CONTROL 

















Pittsburgh, Penn-syl-vane-eye-aye 


Founded in 1758, Pittsburgh, Gateway to the West To supply the electric cable needs of such a 

and steel center of the world, is served by six metropolis, Kerite was ready with a standard of 

Class I railroads. dependability which began in 1854. And as the 
Served by two major utilities, it is the home of need for quality cable continues to grow, 

the world’s first full-scale commercial nuclear power Kerite will be ready to supply it. 

plant. 


KERITE CABLE ott, 


s 


KMERITE ZAQT tHakes TH Ligferese T 
General Office—30 Church Street, New York 7, N. Y. 
’ era ice ur lew - PM EMBE RI 


Albuquerque, Ardmore, Pa., Birmingham, Boston, Chicago, Cleveland, Denver, Glendale, Cal., Houston, Lake Wales, Fla., Portland, Ore., St. Louis, Salt Lake City, San Francisco, Seattle 
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# NO CHECK VALVE! Air cleans filter as it exhausts through the vent. No check valve to clog and cause trouble. 











TIME ADJUSTMENT SCREW 


SILICONE DIAPHRAGM 
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New! A Cutler-Hammer one-minute 
pneumatic timer that eliminates 
the troublesome check valve! 


Unique diaphragm design makes timer more accurate and dependable than any other 


The new Cutler-Hammer one-minute Pneu- 
matic Timer, by eliminating the conven- 
tional check valve, does away with failures 
caused by dust. 

Using a silicone diaphragm, this timer 
pulls fresh air in through a filtered vent, and 
on the exhaust stroke blows away any dust 
that may have collected on the surface of 
the filter. No chance for dust to affect ac- 
curate timing or make the timer inoperable. 
The silicone diaphragm works equally well 
150°F above zero or 45°F below zero. 

No other timer is more accurate. It ad- 
justs easily from .2 seconds to 60 seconds 
with a 714-turn screw that provides precise 
adjustment to the desired time setting. All 
you need is a screwdriver. And, it can be 


WHAT'S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer tnc., Milwaukee, Wisconsin « Division: Airborne Instruments Laboratory « Subsidiary: Cutler- 
Hammer International, C. A. Associates: Canadian Cutler-Hammer, Lid.; Cutler-Hammer Mexicana, S. A. 


changed from ‘‘on delay”’ to “‘off delay”’ in 
seconds. Smallest electrical dimensions of 
any one-minute timer, too. Call your Cutler- 
Hammer distributor for full details or send 
for Publication L071-W228. 


What's new at Cutler-Hammer? 


You can see the big change at Cutler- 
Hammer wherever you look. New, better 
products. New, expanded engineering staff 
and facilities. New added plant capacities. 
All done to help you meet the big oppor- 
tunities of this decade. 

If you’re planning ahead, we’d like to 
show you how our talents and experience in 
electrical control could help you. Contact 
the nearest Cutler-Hammer sales office. 


| oe 
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CONTROL 
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THIS 15 CORONA EFFECT 


SPECTACULAR— 


BUT IT’S ONE OF HIGH-VOLTAGE CABLE’S WORST ENEMIES 


Corona means crown. It can also mean 
trouble for ordinary high-voltage cable— 
because corona is also the name for a 
low-energy electrical discharge (the glow 
around the crown at left) which actually 
cracks and splits ordinary rubber in- 
sulation. How? By ionizing any air in 
between and around conductor and in- 
sulation, it creates ozone, ultraviolet 
light, and certain nitrogen compounds. 

And ozone, for example, works itself 
into ordinary rubber insulation and splits 
the long-chain rubber molecules. In time 
you see the costly result—cracked insula- 
tion and cable failure. 


HERE'S ANACONDA’S ANSWER 


Butyl—the most effective rubber insulat- 
ing material ever developed—has inher- 
ent resistance to ozone. And—to aging, 
moisture, and heat. 

But—butyl handles differently from 
other rubbers. Additives, usually in the 


form of finely divided powders, are ex- 
tremely difficult to disperse uniformly 
in the raw butyl. Butyl also presents 
special vulcanizing problems. In short, 
proper manufacture of butyl insulation 
requires specialists and specialized equip- 
ment at every manufacturing step. 

That’s why Anaconda built a new 
plant for just one product—Anaconda 
Butyl (AB) Cable. The men behind this 
specialized equipment have but one job 
too—to study and improve the design 
and manufacture of buty]l-insulated high- 
voltage cable. 

This specialized manufacture and spe- 
cialized inspection, test and quality con- 
trol are part of the reason why Anaconda 
Butyl (AB) Cable means long-range 
economy and reliability, and w hy you 
should specify ( (AB) to protect your in- 
vestment in high-voltage cable. 

Send for publication DM 5903: High- 
Voltage Durasheath* Cable to Anaconda 
Wire & Cable Co., 25 Broadway, New 
York 4, N. Y 


*Reg. U.S. Pat. Off. 59257 


ASK THE MAN FROM 


ANACONDA 


ABOUT BUTYL (AB) HIGH-VOLTAGE CABLE 
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Above: at left the L-M Type E-3 9kv arrester. At right, the same arrester that the back-up device does not lock out and permanently disconnect a whole 
after the Isolotor has been made to operate by deliberately failing the arrester section. And the disconnected ground lead is easily seen. Lightning Arrester 
with a high overvoltage. The lIsolator disconnects the ground instantly so Engineer F. Schultz examines the Isolator. 


The ‘Isolator’’ On L-M Arresters 
Positively Prevents Line Lockout 


One utility company that has kept accurate records reports that in 167,410 L-M arrester- 
service years, over 12 years, there were only 59 Isolator operations in service. This is a 
truly remarkable record. Probably only L-M Valve arresters could have established such 
a low failure rate—three-hundredths of one percent! 
Those 59 Isolator operations indicated arrester failure from whatever cause—direct 
strokes, overvoltage, or other causes. Without the Isolator, the feeder could have been 
grounded, and the back-up protective device locked out. Crews would have been out, 
trying to find the faulty arrester—not an easy task—and a costly one. 
The L-M-Isolator instantly cut off the ground; and the disconnected ground lead could 
be easily seen by a line crew. 
The Isolator was originated by L-M. It has been in service more than 20 years. The 
Isolator has definite time-current characteristics, so that a definite amount of heat from 
follow current is required to operate the Isolator. It operates any time that the arrester 
fails, or is about to fail. 
The Isolator is only one of many superior features of L-M Valve Type arresters. Ask 
the L-M Field Engineer for details, and a copy of L-M’s paper, “Lightning Arrester 
Application’. Or write Line Material Industries, Milwaukee |, Wisconsin. In Canada: 
CLM Industries, McGraw-Edison (Canada) Limited, Toronto 13, Canada. 
Cutaway view of L-M's insurance device, the 
Isolator. Should a shorted gap or clinkered 


Y ® e element permit follow current to continue to 
iM a u es flow, the heat operates the Isolator instantly, 
before the back-up device can lock out. The 

McGRAW-EDISON COMPANY 


458 MeGRAWE time is controlled by the time-current char- 
Li rs ¥) acteristics of the lsolator. This prevents a 
faulty arrester from grounding feeders, cuts 

iQ hining EDISON hunting time and service outages. 


DISTRIBUTION TRANSFORMERS + RECLOSERS AND OIL SWITCHES - FUSE CUTOUTS AND FUSE LINKS + LIGHTNING ARRESTERS - POWER SWITCHING EQUIPMENT 
PACKAGED SUBSTATIONS - CAPACITORS + REGULATORS + OUTDOOR LIGHTING - LINE CONSTRUCTION MATERIALS + PORCELAIN INSULATORS - FIBRE PIPE & CONDUIT 
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The answers come faster with an IBM 1620 


Load studies for systems up to 150 buses and 250 lines 
are made quickly, accurately, and economically with the new 
Load Flow Program for the solid state IBM 1620. . . most 
powerful engineering computer in its low price class. 


Given scheduled power input and voltage magnitude or real 
and reactive loads at the terminals of a passive system, the 
program automatically computes—and prints out fully in any 
desired combination—complete data on: 


e Voltage and angle « Net power « Load and generation 
e Line flows ¢ Line losses 


Provision is made for direct entry to the base case of changes 


BALANCED DATA PROCESSING 


» ~ 


in loads, generation, transformer taps and capacitors. 
Studies may be interrupted at any time to evaluate progress 
completely. Because complete data is filed, supplementary 
cases for a given system may be run at any later time with 
no penalty in time or money for setting up. 


Backing up the 1620 Load Flow Program are many other 
Library Programs helpful in solving utility engineering de- 
sign, system planning, and operation problems. IBM's long 
leadership and experience in data processing for public 
utilities assures you truly Balanced Data Processing. 


For full details on the 1620 call your nearest IBM office. 





Tin-plated, clamp-type 
terminals accommodate 
conductors from *6 to 
400 MCM, can be re- 
placed with compression 
terminals. 


Sleet hood protects con- 
tacts, minimizes icing. 
Wide-angle entry sur- 
faces guide cartridge into 
contacts. 


Expendable cap, expelled 
only on high faults, pro- 
vides accurate pressure 


relief .e 


High leverage 
hook ring oper- 
ates positive 
latch 


Heavy-duty NEMA 
mounting bracket. 


¢(—_ Bird- proofed insulator 


mounting. 


Fuseholder lift ring secure- 
ly engages hookstick, aids 


cartridge removal or re- Strong, lightweight, high- 


placement. \ 


Upper contacts are silver- 
plated, self-aligning, self- 
wiping, have high thermal 
Capacity 


Extra-tough fuse tube, lined 
with top quality de-ionizing 
fibre for extended life. 


est quality wet process 
porcelain insulator. 


Box-type cartridge termi- 
nal simplifies anchoring 
of 1, 2, or 3-tailed fuse 
link leaders. 





NEW KEARNEY 200 AMP “HX” CUTOUT 


Kearney substation-proved to positively and repeatedly 
interrupt 12,000 amperes at 7.8 KV...10,000 amperes at 15 KV 


No “blind” spots ...a highly efficient combination of single 
end venting and expendable cap double venting insures depend- 
able interruption throughout the entire fault range... from 
low current values to maximum rated capacity of the cutout. 


On low and medium faults, expendable cap remains intact... 
tube vents only at bottom. Controlled spring loading and long 
travel of lower hinge toggle whips fuse cable out of cartridge 
to insure positive low current interruption. 


Expendable cap is expelled only on high faults. Resultant 
double end expulsion in line with fuse tube relieves gas 
pressure, equalizes interruption shock forces and prevents 
damage to cutout or bracket. 


Switchstick-operated positive latch prevents accidental cart- 
ridge dropout due to vibration, impact, or magnetic forces. 


Strong, durable, non-ferrous construction for long life, optimum 
performance. All current-carrying parts copper alloy. Silver- 
plated contacts. Stainless steel pins and springs. 


Fuseholders accept all conventional button-type links. 


Kearney “HX” Fuse Cutouts are available on single insulator, 
NEMA station-post, or centerbolt insulator mountings; also in 
100 ampere continuous ratings. 


Ask your Kearney Sales Representative for full 
information or write for “HX” Cutout Bulletin 


for better construction... safer maintenance ...specify KEARNEY products 


xearnev’ JAMES R. KEARNEY CORPORATION 


4224-42 Clayton Ayenue, St.Louis 10, Missouri 


PLANTS AT: ST.LOUIS * FAYETTEVILLE, ARKANSAS » SHENANDOAH, IOWA + CLARINDA, 1OWA © GUELPH, ONTARIO, CANADA © ST. THERESE, QUEBEC, CANADA 


999A Please mention ELECTRICAL ENGINEERING when writing to advertisers ELECTRICAL ENGINEERING 





New, tri-dimensional packaging and interconnecting of modern 
electronic functions. 


Here is simplicity from start to finish . . . the most complicated 
designs worked out on AMP-MECA’s graph layout sheets in hours 
rather than days or weeks... . finished modular construction that’s 
“‘building-block”’ easy . . . extreme reliability and complete resist- 
ance to shock and vibration. 


3 Electronic functions are encapsulated for com- 

; plete throw away or functions are assembled in 

open base cells for individual component re- 

placement. Easily replaced, pluggable AMP-Cells work independ- 

ently of or in harness with each other when programmed into AMP’s 
3-D circuit boards. 


Available in 0.1” or 0.2” grid systems, AMP-MECA offers tri-dimen- 
sional flexibility—cells can be made larger or smaller—stacked, 
spread or lined-up in unlimited scope to accommodate your design 
needs. And production can be set up to fit your goals . . . by hand, 
or by programmed automation. 


Learn how AMP-MECA can make it simple for you. Send for the 
full story on simplified interconnection of circuit functions and 
information on prototype assembly kits. 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England-« France « Holland « Italy « Japan « West Germany 
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DELAY LINES, INDUCTORS, 
FILTERS AND CHOKES... 
ARNOLD IRON POWDER CORES 
CUT COSTS 


Iron powder cores are commonly speci- 
fied for such applications as delay lines 
(illustrated below), inductors, filters and 
filter chokes because of their inherent 
low cost. And Arnold cores are your 
logical choice, for the principal reasons 
of superior dependability and the wide 
selection available to you. 

Arnold's overall magnetic knowl- 
edge, and unequalled facilities for 
manufacture and test, are of prime im- 
portance in assuring you a source of 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


cores that are highly uniform, shipment 
after shipment. You'll find them de- 
pendable, not only in permeability and 


resultant inductance at high frequen- 
cies, but in high mechanical strength 
and dimensional accuracy as well. 
The Arnold line also offers a wider 
range of shapes and sizes of iron powder 
cores for your selection than any other 
one brand on the market. It includes 
bobbin cores, cups, toroids, plain, sleeve 
and hollow cores, threaded cores and 


insert cores, etc. Facilities for special 
cores to your order. Ask for new Bulle- 
tin PC-109A. @ Write The Arnold 
Engineering Company, Main Office 
and Plant, Marengo, Illinois. 


ADDRESS DEPT. EI-11 


% ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 





BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST In the YELLOW PAGES 
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New EHV Cable Testing Facility 


Utilities, Manufacturers, and a University 
Co-operate in a Unique Project To Test 500-Mva Cable 


EPTEMBER 14, 1960, marked the dedication of a 

new ehv (extra-high-voltage) cable testing station 

at Cornell University. Inasmuch as the utility load 
doubles about every 8 years, rights of way become more 
difficult to obtain, and station units are larger, the need 
to develop 500-mva cable was foreseen in 1953. 

A co-operative project was agreed upon by the electric 
utilities, represented by the Association of Edison Ilu- 
minating Companies (AEIC) and the Edison Electric 
Institute (EEI); namely, 
Anaconda Wire and Cable Company, General Cable 
Corporation, Phelps Dodge Copper Products Corpora- 


four cable manufacturers, 


tion and The Okonite Company; two terminal manu- 
facturers, G and W Electric Specialty Company and 
Ohio Brass Company, and one pressurizing equipment 


manufacturer, Jerome Hydraulics Company. The com- 
bined manufacturer-user cost of this project has been 
estimated to be approximately $3 million. 

The dedication ceremonies were opened by L. I. 
Komives, chairman, Joint AEIC-EEI Manufacturers 
Extra-High-Voltage Cable Project Steering Committee; 
followed by D. R. Corson, dean of the College of En- 
gineering, who spoke from the educational point of 
view. Each of the four large cable manufacturers who 
supplied test samples described the designs and manu- 
facturing procedures. C. S. Schifreen, chairman of the 
AEIC Cable Engineering Section, paid tribute to some 
21 other electric equipment and service manufacturers 
who had donated or loaned apparatus for the project. 
After the talks presented herewith, Prof. J. L. Rosson 


Visitors inspect the ehv cable testing facility at Cornell University. 
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345-kv air-break disconnect switch between test bus and high-voltage 
standard capacitor. 


energized the station, completing the first phase of this 
project; and those attending inspected the facilities. 

The second phase of the project will probably require 
a period of 3 years which involves energizing the systems. 
During the first 2 years, the voltage will be raised in 
gradual steps from 345,000 volts to 415,000 volts with 
loading temperatures comparable to commercial oper- 
ating conditions. Following the 2-year period will be 
tests at elevated temperatures and voltages up to 500,000 
volts in order to further determine the characteristics of 
the systems. 


OPENING REMARKS 


THE MEMBERS of the Steering Committee, the Asso- 
ciation of Edison Illuminating Companies, and the 
Edison Electric Institute appreciate your coming to the 
opening of the extra-high-voltage cable testing station 
on the campus of Cornell University. The Joint AEIC- 
EFI-Manufacturers Steering Committee spent much 
time and effort on this project during the past 5 years or 


so. The organizations and participating electric power 


companies are sponsoring this project. Allow me to say 
just a lew words in the name of the investor-owned 
electric power companies, whose foresightedness and 
good business sense made it possible for our vision of a 
few years back to become a reality. We are celebrating 
today the completion of the first phase, the building of 
the testing station. The second phase of our work, test- 
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ing, can now begin. We hope that when this second 
phase is completed, perhaps 3 years hence, sufhcient 
meaningful data will be accumulated on which the 
third phase of the work, evaluation of the test results, 
may proceed in an acceptable manner. 

We celebrate here today the materialization of the 
first extra-high-voltage cable testing station in the world, 
conceived, developed, and built by private enterprise. 
Users and manufacturers of electric equipment are work- 
ing together here with an institute of advanced learning 
to lay the foundation for future progress through those 
studying here. The voluntary co-operation of private 
companies we feel is the American way of solving prob- 
lems too large for one company to attack, in contrast 
with other parts of the world where the government is ex- 
pected to step in and handle projects of this magnitude. 

You will hear from the other two branches in this 
enterprise later. Let me assure you the investor-owned 
electric power companies feel that this project is timely 
and necessary because of the problems we are facing, and 
that we have already received our first dividend. We 
shall energize the station today, but not the cable 
samples because of unforeseen difficulties which make it 
prudent first to find out and correct certain conditions. 
These difficulties which have arisen prove, better than 
any words of mine can describe, the need for this project 
where electric equipment such as samples of cable and 
accessories can be tested under as nearly as possible field 
conditions, impractical in the laboratory. 

As the Chairman of the Steering Committee, I feel 
that I owe a debt of gratitude to my fellow committee 
members, both from utilities and manufacturers, who 
worked so hard to bring this project to fruition. Thanks 
are in order to our friends in the electrical manufactur- 
ing industry who have so generously donated equipment 
to make this station a reality. I would also like to express 
my appreciation to Prof. Rosson for his outstanding 
contribution, working day and night to make _ this 
project a success. He could not accomplish this without 
the backing of Cornell University whose understanding 
of the magnitude of the task has resulted in such splen- 
did co-operation. 

L. I. Komives, Chairman, Joint AEIC-EEFI 
Manufactures Extra-High-Voltage Cable 
Project Steering Committee. 


EDUCATIONAL ASPECTS 

CoRNELL UNIVERSITY is proud to participate in this 
truly co-operative research program. The combination 
that we have here of utility companies, cable manufac- 
turers, together with the University, represents a type of 
co-operative venture that I have not had the privilege of 
working with previously. 

This project is especially significant in view of this 
country’s sky-rocketing power requirements, which are 
amplified by our rapidly expanding population. In this 
situation in which we find ourselves, all phases of energy 
generation, energy conversion, and energy distribution 
are of great importance. 


Facility ELECTRICAL ENGINEERING 





There are two ways in which the University can make 
contributions to the program. In the first place, we train 
students, and one of our goals is to stimulate student 
interest in the power field. In the second place, our edu- 
cational program requires a vigorous research effort. 
There are many places in the power area where we can 
work. In the cable research appropriate to this project, 
Cornell’s participation is unusually appropriate. We 
have just undertaken the creation of a large-scale inter- 
disciplinary Materials Science Center which will be con- 
cerned with basic understanding of materials problems 
important in a wide variety of engineering applications. 
We can do significant materials research in the engineer- 
ing of molecules and atoms into better materials for 
cable insulation. 

With the dedication of this project we are just begin- 
ning our work in this field. 


D. R. Corson, Dean, College of Engineering, 
Cornell University. 


GENERAL CABLE 


GENERAL CABLE CorpPorRATION supplied high-pressure 
oil-filled pipe-type cable for the 345-kv Cornell field 
trial. The cable consists of single-conductor 2,000 MCM, 
copper concentric enameled strand, strand shielding, 
1 inch of oil impregnated paper insulation, insulation 
shielding, moisture seal and shielding assembly, and a 
polyethylene skid wire over-all. Two such single-conduc- 
tor cables making up a single-phase loop are installed in 
a 10.75-inch OD steel line pipe, the latter being filled 
with oil and maintained under a nominal 200-psig pres- 
sure with a pumping plant. 

The cable for the Field Trial was manufactured on a 
newly installed 345-kv production line which is capable 
of insulating commercial lengths of 345-kv cable in a 
single pass through the machine. A number of new and 
novel features have been incorporated in the new pro- 
duction line. For example, the new taping heads are 
provided with such features as precalibrated springs for 
tape tension control, compensating means for maintain- 
ing tape tension constant independent of pad dimen- 
sions, automatic device to bring the machine to a stop 
before a tape runout occurs, provision for accelerating 
the speed of the machine at a predetermined rate from 
standstill to running speed, etc. In addition, the entire 
production line is housed in an enclosure provided with 
air-conditioning equipment capable of maintaining a 
constant relative humidity as low as 10%. The moisture 
content of the insulating paper is brought into equi- 
librium with the relative humidity selected for manu- 
facture by passing the paper, in wide sheet form, through 
a series of heated rolls and then into a slitting room 
maintained at the selected relative humidity. Here the 
“jumbo” rolls are slit into pads and the latter then 


transported by way of an air-conditioned conveyor sys- 
tem to each taping-head location. 


A still further novel feature of the new line is the 
“traversing take-up’’—a take-up reel—which is mounted 
in a floor pit and is free to move in both a horizontal 
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and vertical direction. The movement is so synchronized 
with that of the taping machine that the point on the 
take-up reel which the cable is to occupy is always di- 
rectly in line with the axis of the caterpillar capstan and 
the taping heads, thus eliminating the more or less in- 
determinate bends and twists to which a cable in the 
dry (and hence in the least flexible state) is subjected in 
its movement back and forth across a conventional fixed 
position take-up reel. In the manufacture of the cable 
length for the field trial, a specially developed low- 
density wood pulp paper varying in thickness from 3 to 
8 mils was employed and the taping machine enclosure 
was maintained at 10% relative humidity. 

oil-filled 


have indicated that metals, and bare copper in particu- 


) 
Because accelerated test studies on cable 
lar, can have an important catalytic effect in the devel- 
opment of deleterious products when in contact with 
mineral oil at temperatures and electrical stresses of 
interest in high-voltage cable application, an effort has 
been made to keep direct contact between bare copper 
and oil to a minimum in the field trial. To accomplish 
this, a major portion of the individual wires of the con- 
centrically stranded 2,000-MCM conductor have been 
coated with a thin layer of synthetic enamel. The excel- 
lent self-fluxing and solder-ability characteristics of this 
enamel make it feasible to remove the enamel from the 


Prof. J. L. Rosson, Cornell University, energizes ehv cable test station. 





individual wires by flushing with hot solder prior to 
application of a conventional pressed connector. Insofat 
as a-c/d-c resistance ratio is concerned, theory indicates 
that the 
strands eliminates proximity effect both “in air” and “in 


and measurement confirms enamelling olf 
pipe.” As a result, the over-all 3-phase “in pipe” a-c/d- 
ratio for a 2,000-MCM 


ameled strands has been found to be comparable to that 


concentric conductor with en- 
for a 2,000-MCM compact segmental conductor. 

In order to minimize bare copper-oil contact in the 
system as a whole, tinned copper, aluminum, stainless 
steel, or nonmetallic materials have been employed for 
shielding tape, skid wire, riser pipe, etc. 

H. M. McGratu, Vice-President and 
Chief Engineer. 
OKONITE 


In 1954, the AEIC Cable Engineering Section in- 
formed the power cable manufacturers that the utilities 
expected in about 5 years to require insulated cable for 
the transmission of at least 500-mva load at 345 kv. In 
view of the fact that at that time we did not have any 
cable operating at this voltage, the Association felt it 
was desirable that a prototype cable be furnished; they 
would install and subject it to field testing to prove in its 
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Joint AEIC-EEl Manufacturers Extra-High-Voltage Cable Project Steering 
Committee. Kneeling (left to right) G. P. Adams, Niagara Mohawk 
Power Corp.; E. D. Eich, Anaconda Wire & Cable Co.; G. E. Rohr, 
American Elec. Pwr. Service Corp.; and J. J. Rueckert, Baltimore Gas & 
Elec. Co.; (second row, left to right) C. S. Schifreen, Phila. Elec. Co.; 
H. Halperin, Commonwealth, Edison Co.; R. J. Wiseman, The Okonite 
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capabilities. The Okonite Company agreed to partici- 
pate in the investigation. 

We were furnished the conditions under which the 
cable would be installed and the test requirements. The 
latter were quite severe. Not only would the cable be 
required to meet the primary operating conditions, but 
it was desirable to know how much better the cable 
might be, that is, how high an operating voltage the 
cable would withstand without showing instability and 
at how much higher temperature could the cable operate 
without showing instability. Both conditions are well 
worth knowing. 

Perhaps we are being too conservative in the operating 
electric stress on which the cable design is based and, 
therefore, it might be possible to reduce the insulation 
thickness after finding out at how high an electric stress 
the cable can operate. Secondly, if we can increase the 
operating temperature, then we will be able to increase 
the power load that can be transmitted, which of course 
is desirable. 

Never before has an opportunity such as this been 
presented to the cable manufacturers. In Europe at test 
laboratories, such as Fontenay for Electricite de France, 
at Staythorpe for the Central Electricity Generating 
Board in England, and at K.E.M.A. in Arnheim, Hol- 


Co.; M. H. McGrath, General Cable Corp.; E. J. Merrell, Phelps Dodge 
Copper Prod. Corp.; and J. H. Nicholas, G. & W. Electric Specialty Co.; 
(last row, left to right) T. F. Brandt, Ohio Brass Co.; L. F. Hickernell, 
Anaconda Wire & Cable Co.; A. S. Brooks, Public Serv. Elec. & Gas Co.; 
J. F. Rosson, Cornell University; L. 1. Komives, Detroit Edison Co.; and 
C. T. Hatcher, Con. Edison Co. of N. Y., Inc. 
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land, cables have been tested under field conditions. 
However, these have limitations either in test voltage or 
test temperatures so that the information gathered has 
been a bit limited in scope. The test program proposed 
for Cornell indicated that a very thorough study of the 
effects of voltage and temperature would be undertaken, 
and in such a way that we could expect to find indica- 
tions of change in certain characteristics as the severity 
of testing took effect. It was a challenge that the manu- 
facturers had to meet, knowing the benefits that would 
result. 

Given the problem, we reviewed our standard types of 
cable which cover operating voltages up to and includ- 
ing 230 kv. Here was an increase of 50°, in voltage. 
What kind of cable should be offered? We had already 
successfully furnished high pressure oil-filled cable, that 
is, Oilostatic-type cable for operation at 230 kv. A study 
of this type of cable indicated that it would not be prac- 
tical to follow the standard design. Therefore, should we 
(a) modify the design to meet the conditions set up, or 
(b) offer an entirely new type of cable, such as a high 
pressure gas-filled cable or a self-contained type of cable. 
We decided to modify the standard design. We also 
carefully reviewed every phase of our manufacturing 
procedure in order to obtain the best quality of cable 
possible. 

The cable which we have installed has a 2,000-MCM 
segmental copper conductor, each strand lead alloy 
coated to reduce interaction between the ail in the cable 
and the copper, an alloy-coated shielding tape to obtain 
a smooth circular conductor, a 1.035-inch wall of paper 
insulation, an alloy-coated shielding tape over the in- 
sulation, several polyester insulating tapes, and finally 
an alloy-coated “D" shaped bronze armor wire over-all. 
Two of these cables are drawn into a 1034-inch OD steel 
pipe. The pipe is filled with oil and is maintained under 
a 200-psi nominal pressure. As the test circuit is of single- 
phase design, there is an end loop of a single cable 
installed in a 5-inch copper pipe. This end loop is con- 
nected to the cables in the pipe by two normal-type 


joints. The ends of the cables are terminated in pot- 


heads furnished by the Ohio Brass Company and the 
G and W Electric Specialty Company. 

We are looking forward with great expectations that 
this investigation will prove to the utilities that the cable 
manufacturers will be ready to furnish to them 345-kv 
cable when required. We appreciate the opportunity of 
taking part in it. 

R. J. WisEMAN, Vice-President and 
Chief Engineer. 


PHELPS DODGE 


THE CONTRIBUTION of the Phelps Dodge Copper Prod- 
ucts Corporation, Habirshaw Division, to this joint 
AEIC-EEI-Manufacturers Extra-High-Voltage Project 
at Cornell University, consists of a self-contained oil- 
filled cable system, which embodies thin paper and high 
oil pressure techniques (200 psig), I-mil paper being 
used at the conductor, graduating to 6 mil in the wall, 
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then down to 2 mil at the over-all insulation shield. 
Noteworthy features developed by Phelps Dodge are: 
(1) annealed segmental conductor, (2) use of paper made 
with deionized water, (3) selected impregnant, (4) large- 
diameter extruded aluminum sheath, (5) extruded high- 
jacket, (6) 
mechanical joints, (7) combined oil-treating and pump- 


density polyethylene corrosion-protective 
ing plant. 

The over-all diameter of the cable is 4.68 inches, and, 
while installed in duct for this test program, the 120-mil 
high-density high-molecular-weight polyethylene jacket 
is suitable for direct burial. 

Incidentally, consideration should be given to the 
loading potential of a circuit, consisting of widely spaced 
single-phase conductors, both from the beneficial effect 
thermally on the dissipation of losses, and also for the 
effect on system stability by means of the inductance 
factor achieved in the wider spacing. 

Two 1,000-foot lengths were manufactured for the 
program, one insulated entirely with paper made with 
deionized water, the other made with a combination of 
this paper and our conventional paper. A sample length 
of each is in the test setup. 

Conductor is bare copper, 2,000 MCM, 6-segment com- 
pact segmental, annealed, laid over a 0.69-inch ID steel 
helical core. 

Insulation is | inch of wood pulp paper, including 
strand and insulation shielding. 

Impregnant is a specially selected water-white pe- 
troleum oil, characterized by excellent stability in load 
cycle testing, and having a freeze point of minus 40C, 
thereby permitting dry-ice freezing techniques during 
installation, change-overs, and repairs. 

The 220-mil extruded aluminum sheath was applied 
by swaging. 

A feature of the system is that the pumping plant is 
designed for double duty; that is, it is equipped with a 
spray nozzle in the storage tank and a vacuum pump, so 
that oil may be treated, then expressed along the cable 
oil channel to the location of use. Incidentally, the 
pumping plant, installed here at Cornell, was employed 
at the factory to treat the cable impregnant. 

Conductor splices were made with conventional com- 
pression connectors, employing the G & W 4-ram press. 
Crepe paper was used for the splice insulation, and the 
splices are of fully shielded design. Closure was made 
with a double O-ring sealed mechanical joint assembly. 

Both potheads are of condenser stack design, one 
G & W, the other Ohio Brass, and each is joined to the 
cable sheath with an O-ring sealed mechanical joint 
assembly. 

The Phelps Dodge installation was begun during 
February and completed in March. Snow fell 80% of the 
working days and the temperature hovered near zero 
much of the time. 

In closing, we would like to voice our pride in being 
associated with this free-enterprise project. Let us all 
appreciate its significance, not only as a research and 
engineering operation, but, perhaps more importantly, 
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for its effect in world affairs and the cause of free men 
everywhere. 
E. J. Merrevi, Chief Engineer 


ANACONDA 


Cable. The Anaconda cable has the following gen- 
eral construction: conductor—1,700 MCM_ profiled cop- 
per conductor, 0.69-inch hollow core without supporting 
channel; strand shielding—carbon black paper; insu- 
lation—1,000-mils graded paper; insulation shielding— 
carbon black paper; sheath—170-mils F-3 arsenical lead 
alloy; sheath reinforcement—stainless steel tape, one 
layer longitudinal reinforcement, one layer transverse 
reinforcement; covering—150-mils high molecular 
weight black polyethylene. 

The cable is suitable for operation, self-contained 
at high pressure or at low pressure, and will be oper- 
ating at Cornell at low pressure (15 psig). The poly- 
ethylene covering provides not only corrosion protec- 
tion but also yields a 3-terminal network amenable of 
powel factor measurement. 

Terminals. One terminal manufactured by the Ohio 
Brass Company is of capacitor graded design housed 
in a porcelain suitable for operation at high pressure. 
The Pirelli, S.p.A., 


is of straightforward stress cone design housed in a 


other terminal manufactured by 


porcelain suitable for operation only at low pressure. 


Joints. Two joints are installed at one manhole. One 
joint is a normal (straight-through) joint which con- 
nects the cables electrically and hydraulically. The 
other joint is a stop-joint which connects the cables 
electrically but isolates them hydraulically. The stop- 
joint is installed to demonstrate the feasibility of such 
a design should it be required by the hydraulic char- 
acteristics of a commercial installation. At Cornell, the 
stop-joint will be by-passed hydraulically to simplify 
the oil supply requirements. Both joints were manu- 


factured by Pirelli. 


Oil Supply. Oil for the entire system is supplied from 
20-gallon gravity-type reservoirs manilolded and_ in- 
stalled atop a 35-foot wooden structure. The reservoirs 
were manufactured by Jerome Hydraulics, Inc. 


Research Objective. Principal objectives to be inves- 
tigated are: 


|. Whether low-pressure potheads are suitable for 
this voltage and whether there is significant difference 
in performance between stress-cone-graded and capac- 
itor-graded designs. 

2. Whether cable with reinforced lead sheath oper- 
ates satisfactorily at high power capabilities in duct lay 
installation. 

3. Whether 
is suitable for 500,000-kva minimum at 345 kv. 


low-pressure self-contained cable type 
4. The lowest practical obtainable power factor with 
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cellulose insulation maintainable at high temperature 
and voltage over extended periods. 


E. D. Eicn, Assistant Chief Engineer, 
HiGH VOLTAGE CABLES 
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THE EHV CABLE FIELD TEST PROJECT AT CORNELL 
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Long-Time Heat Runs on Underground Cable 


A. BALASKA 
MEMBER AIEE 


EAT-RUN DATA have been obtained on an 
Tenens cable test installation, located in the 
side of a thoroughly drained sand hill sloping to the 
west and protected from local replenishment of soil 
moisture by the black-top cover of a company parking 
area. Selection of this location for an underground test 
site was based upon the existence of topography and 
soil characteristics typical of a marginal field condition 
from a soil-thermal point of view. 

Particular interpretations of the data obtained dur- 
ing the past 3 years, being too comprehensive for a 
single presentation, will be the subject of future re- 
ports. On the other hand, it has been deemed worth- 
while to make the actual data available for general 
reference. 

The test arrangement is designed to provide thermal 
characteristics for different types of buried conduit 
systems, including the effects of mutual heating in 
multiple installations. Such a condition is likely to be, 
and has been, encountered in city streets. It consists 
of three parallel runs installed on 3-foot centers be- 
tween manholes on a 4% grade, lengths being 80 feet, 
manhole to manhole. Construction details include the 
following: 85,- 
coated, at 3.5 feet of cover depth; 4-inch transite duct, 
2 by 3 inches laid in concrete with a 2.5-foot cover 
depth. 


and 41%-inch steel pipes, somastic 


A controllable thermal grid is installed over the 
runs, at a depth of | foot, as a means for introducing 
supplementary heating. 

Two thermocouple stations, each containing 30 posi- 
tions, are set up to monitor the thermal pattern at test 
cross sections located 25 feet away from each manhole. 
Test points have been set in the vertical plane at the 
pipe surface, as well as 6, 18, 30, and 42 inches above 
it; the thermocouples, located 42 inches above the 
pipes, are embedded in the center of a 3-inch layer of 
black top. Test points also are included to provide the 
horizontal pattern at conduit depth. 

In the case of the duct bank, the thermocouples in 
the vertical plane include the duct bank surface and 
6, 18, and 30 inches above it, the 30-inch junction like- 
wise being embedded in black top. Thermocouples are 
also located within the ducts at each test cross section. 

Ground ambient reference thermocouples are located 


outside the thermal zone, at least 10 feet to either side 


Digest of paper 60-809, recommended by the AIEE Insulated Conductors 
Committee and approved by the AIEE Technical Operations Department 
for presentation at the AIEE Summer General Meeting, Atlantic City, 
N. J., June 19-24, 1960. Published in AIEE Power Apparatus and Sys- 
tems, Oct. 1960, pp. 757-71. 


T. A. Balaska, A. L. McKean, and E. J. 
Copper Products Corporation, Yonkers, N. Y 


NoOvEMBER 1960 


A. L. McKEAN 
MEMBER AIEE 


Merrell are with Phelps Dodge 


Balaska, McKean, Merrell—Heat Runs on Underground Cable 


E. J. MERRELL 
FELLOW AIEE 


of the center line of the test area. Five thermocouples 
are included. An additional feature of the test setup 
comprises a soil-wetting system. 

The site excavation between 
trench 5 feet deep, 12 feet wide, and 80 feet long. The 
native soil consists of a gravel and sand mixture con- 


test manholes was a 


taining relatively small amounts of silt and clay. Dur- 
ing the course of backfilling, a building sand of a 
formulation different from that of the native soil was 
employed as a bedding and a 6-inch cover layer for 
the pipes. 

Samples of both backfill sands were sent to Princeton 
University for analysis in connection with the AIEE 
Soil Thermal Resistivity Research Project. The back- 
fill procedure was based on construction practices gen- 
erally followed at this period. Vibration and mechanical 
tamping of the bedding and cover layer, employing 
building sand, was followed by completion of back- 
filling with native soil. Mechanical tamping of each 
I-foot layer of native soil provided further compaction. 
Moderate rainfall during this phase of work contributed 
to compacting. Final densification was accomplished by 
a I-ton power roller. The method of compaction ap- 
pears to have been quite effective in that no settlement 
has occurred despite the daily traffic over the test 
setups. Pavement restoration crushed 
stone base, covered with a 3-inch layer of bituminous 
black top. 


consisted of a 


Cable loading is simulated by nichrome heater wires, 
installed in each pipe and in the two top tiers (four 
ducts) of the duct bank. Insulating spacer plates are 
utilized to support the heater wires concentrically so 
as to provide a more uniform heating. Ducts and pipes 
are sealed in both manholes to prevent ventilation. 

The initial test program, completed during the past 
3 years, consisted essentially of obtaining thermal char- 
acteristics under no-load (ambient) and under 100°, 
load factor conditions. 

During the course of this program a series of thermal 
(transient) needle measurements were made in an effort 
to correlate rho determinations by this method against 
that obtained by buried thermocouple measurements. 
This work will be the subject of a separate report, 
when completed. 

Soil resistivity was about 60 initially. However, sig- 
nificant changes occurred in the course of the test runs. 
Thus, rhos of 285 in the 6-inch zone, 200 in the 18-inch 
zone, and 150 over-all were obtained on the 8-inch pipe 
at the end of the loading period. 

While the soil rho deteriorated under the loading 
imposed, the over-all characteristic was essentially one 
of gradual change, approaching a horizontal asymptote 
over a period of months. 
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Wire-Line and Carrier Communications 


on the Union Pacific Railroad 


C. O. JETT 


MEMBER AIEE 


The history and development of the wire-com- 

munications plant of this railroad, including 

teleprinter, telephone, data, and specialized fa- 
cilities, are presented. 


OMMUNICATIONS in the area presently served 

by the Union Pacific Railroad Company preceded 

the railroad by several years. The telegraph line 
of the Overland Telegraph Company, starting at 
Omaha, Nebr., and extending westward through Salt 
Lake City, Utah, to San Francisco, Calif., was construc- 
ted in the years 1860 and 1861; while the construction 
of the railroad did not start until 1864. 

The original telegraph line was hastily constructed, 
and later, when it became necessary to rebuild, the line 
was moved onto the right-of-way of the Union Pacifi 
Railroad, thus becoming the first wire communication 
facilities of the railroad company. Over the years, more 
and mere wire was added to the line for train dispatch- 
ing, operation, and administrative purposes. Prior to 
1912, 


1912, the first telephones were installed on the Union 


only Morse telegraphy was used; however, in 
Pacific. The wire-line plant reached its peak in miles 
of pole line and wire mileage in the early 1920’s. 

In the late 1920's, voice repeaters were installed on 
a number of circuits to permit direct telephone com- 
munication from headquarters at Omaha to points as 
far west as Salt Lake City, Utah. Various types of 
the 
t-channel 


machines were installed on 
Railroad as early as 1918, and 


Morkrum multiplex teleprinters were used as late as 


printing telegraph 
Union Pacific 


1946, at which time all the teleprinter facilities were re- 
placed with modern teleprinter equipment. 

With the advent of carrier techniques and improved 
1937, a Western Elec- 
tric type CN-4, 3-channel carrier system was furnished 


business conditions in the fall of 


and installed by the Western Electric Company be- 
tween Salt Lake City and Los Angeles, Calif. From this 
time on, the growth of business and the requirements 
for more and better communications necessitated rapid 
the 
Union Pacific Railroad. Many single-wire Morse tele- 


expansion of all forms of communications on 


graph circuits were paired for telephone operation, 


Essentially full text of paper 60-815, recommended by the AIEE Wire 
Communication Systems Committee and approved by the AIEE Techni- 
cal Operations Department for presentation at the AIEE Summer Gen- 
eral Meeting, Atlantic City, N. J., June 19-24, 1960. Published in AIEE 
Communication and Electronics, 1960. 


C. O. Jett is with the Union Pacific Railroad, Omaha, Nebr. 
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voice transposed, and additional telephone instru- 
installed. Between a number of the more im- 
portant offices, teleprinter facilities were expanded. 

In 1941, just prior to the start of World War II, a 
Western Electric type C-5, 3-channel carrier system was 
installed between Omaha and Salt Lake City with ter- 
minals back-to-back at Cheyenne, Wyo., to provide 
much-needed additional facilities. In rapid succession, 


ments 


a 3-channel carrier system (Western Electric C-5) was 
installed between Salt Lake City and Portland, Ore., 
and a second 3-channel system (Western Electric C-5) 
was installed between Omaha and Salt Lake City, to 
provide direct circuits from Omaha to Los Angeles, 
Salt Lake City, and Portland. : 

Restrictions on electronic equipment precluded any 
expansion of communications during World War II, 
except those that were mandatory for the handling of 
military operations. However, with cessation of hostili- 
ties, it became readily apparent that a major expansion 
must be made to provide administrative teleprinter fa- 
cilities to consolidate the far-reaching points of the 
Pacific Railroad. The 


printer service were provided by voice-frequency car- 


Union new facilities for tele- 
rier telegraph techniques. At the same time, many ad- 


ditional single-channel short-haul telephone carrier 
channels were provided on the railroad by installing 
second- and third-story carrier systems over Western 
Electric’s type H-/ carrier systems which had been in- 


stalled during the period 1939-45. 


TELEPRINTER FACILITIES 
Pacific Rail- 


road first entered the field of voice-frequency carrier 


AS MENTIONED PREVIOUSLY, the Union 
telegraph facilities in 1946. In 1948, it was realized 
that many more channels for teleprinter service would 
be required than were available utilizing the conven- 
tional 170-cycle spacing for voice-frequency carrier 
telegraph service. It was, therefore, decided to utilize 
equipment with 120-cycle spacing which would permit 
one-third installed on a voice 


more channels to be 


band. Furthermore, a number of channels had been 
tried out in 1946 on what is now called “speech-plus- 
duplex.” This technique involves removing that por- 
tion of the voice band between 1,450 and 1,900 cycles 
by suitable filters and installing two carrier telegraph 
channels within that space. The 120-cycle spaced chan- 
nels then permit four carrier-telegraph channels to be 
installed in the same space previously used by two 170- 
cycle carrier channels, thus doubling our teleprinter 
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Fig. 1. Union Pacific Railroad's teletype circuits. 


channel facilities. Today, a major portion of the rail- 
road’s teleprinter facilities are derived by the “speech- 
plus-duplex” technique. There is only one location 
(Omaha-Salt Lake City) in which an entire voice band 
is utilized for voice-frequency carrier telegraph service. 

Several years ago, to provide additional facilities for 
teleprinter service, it was found that the only space 
available for expansion was in that band of frequencies 
lying above the voice range and below the “C” carrier 
systems and which has a frequency range of approxi- 
mately 2,900 to 5,100 cycles. Twelve specially designed 
voice-frequency carrier telegraph channels were then 
inserted into that space and today the railroad oper- 
ates 72 channels at various points in this band. 

The present extent of the teleprinter service on the 
Union Pacific Railroad is shown by Fig. 1. It may be 
noted that the number of channels between various lo- 
cations is not given; however, this factor is rather 
indefinite as channels are set up on patch basis from 
time to time depending upon service requirements. For 
locations not physically on the Union Pacific Railroad, 
circuits are obtained by lease from common-carrier 
communication companies. There are a number of re- 
lay points to relay messages from one location to an- 
other. The torn-tape method is utilized to provide di- 
rect relaying without repunching a message. A typical 
teleprinter torn-tape relay center with six ganged trans- 
mitter-distributors on the left and each cabinet on the 
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right containing 
trated by Fig. 2. 


three typing reperforators is illus- 
Primary relay points are located at 
Omaha, Salt Lake City, Los Angeles, Portland, Chicago, 
and New York City. Secondary relay points are located 
at North Platte, Kansas City, Cheyenne, Pocatello, and 
Hinkle. 

Typical teleprinter sending facilities are illustrated 
in Fig. 3. 


TELEPHONE FACILITIES 
In 1955, after a careful review of the railroad’s exist- 
ing communication facilities, it was determined that a 
definite requirement existed for more and better com- 
munications at many points on the railroad. Further, 
it was deemed advisable to provide direct-distance-dial 
facilities throughout the entire railroad system. Since 
the existing outside wire plant was fully loaded in most 
instances, in that it would be impossible to add addi- 
tional wire without major rebuild of the pole line, it 
was only possible to provide this additional service by 
means of carrier techniques. Therefore, a major expan- 

sion into carrier facilities was started. 
carrier systems 
were installed from Omaha to Kansas City; Omaha to 
North Platte, Nebr.; North Platte to Cheyenne; Chey- 
enne to Green River, Wyo.; Green River to Ogden, 


During the years 1955 to 1958, “C” 


Utah; Ogden to Salt Lake City; Cheyenne to Denver, 
Colo.; Kansas City to Salina, Kans.; Salina to Denver; 
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Fig. 2. Teleprinter torn-tape relay equipment. 


Salt Lake City to Pocatello; Pocatello to Nampa Idaho; 
Nampa to Hinkle, Ore.; Hinkle to Spokane, Wash.; two 
systems from Hinkle to Portland; and two systems from 
Portland to Seattle. Further, because of the age and 
difficulty of obtaining maintenance material for the C-4 
3-channel carrier system between Salt Lake City and 
3-channel car- 
City to 


Los Angeles, it was replaced with a C-5 
Salt Lake 
Angeles with terminals back-to-back at Las Vegas, Nev. 


rier system extending from Los 
Even this was not enough. Therefore, it was necessary to 
enter the high-frequency telephone-carrier field. 

\ Western Electric 
Omaha to Cheyenne and from Cheyenne to Salt Lake 
City. An “OC” 
ha to Cheyenne. An “OB” carrier system was installed 
from Salt Lake City to Pocatello, Pocatello to Nampa, 
and Nampa to Hinkle. Also, from Salt Lake City to 


Las Vegas, and Las Vegas to Los Angeles. Still not 


“OB” system was installed from 


carrier system was installed from Oma- 


enough voice-frequency channels were available for the 
requirements. The “OB” and “OC” carrier systems 
were then replaced with Lenkurt type 45-4 12-channel 
open-wire Carrier installations. Prior to the installation 
of the 12-channel carrier systems, it was necessary to 
retranspose for 150-kc operation several pairs of wires 
Omaha to Salt 


Angeles. Upon completion of the transposing, 12-chan- 


from Lake City, Portland, and Los 
nel carrier systems were installed as follows: One direct 
system between Omaha and Salt Lake City with 16 re- 
peaters. On the adjacent pair a second 12-channel sys- 
tem was installed with terminals back-to-back at Grand 
Nebr., North 


Also, 12-channel systems were installed between 


Island, 
River. 


Salt Lake City and Las Vegas, and Las Vegas and Los 


Platte, Cheyenne, and Green 


Angeles, and another system was installed from Salt 
Lake City to Portland with terminals back-to-back at 
Pocatello and Nampa. The “O” carrier systems that 
had been removed were reinstalled to provide addi- 
tional facilities between Omaha and Kansas City, and 
an “OB” and “OC” system from Cheyenne to Denver. 
Type “OB” systems also installed from 


carrie! were 


Kansas City to Salina, Chevenne to Laramie, Wyo., 


Ogden to Salt Lake City, and from Los Angeles to 
San Pedro, Calif. 
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Fig. 4 illustrates the geographical coverage of the 
railroad’s present telephone communication system, 
and the location of the various switching offices. Today, 
it is possible to dial directly from one end of the rail- 
road to the other, and to a major portion of the inter- 
mediate telephones which are so necessary to railroad 
operation, 

Presently, due to the shortage of competent Morse 
telegraph operators, the railroad is engaged in a pro- 
gram of converting wire facilities on all branch lines 
from Morse telegraph service to telephone service. 
Many of these branches require 10 or less telephones, 
permitting direct dial service through recently de- 
veloped decimonic ringing techniques adapted for EF 
and M lead control, while the remaining branches will 
utilize 314-cycle selector facilities for signaling because 
of the larger number of telephones involved. 

The complexity and magnitude of the Union Pacific 
Railroad’s communication the 


of commercial telephone company plant practices in 


system necessitate use 
the installation of equipment in the many locations 
illustrates 
typical practices of the communication office at Omaha. 


where such facilities are required. Fig. 5 


the Union Pacific 


Railroad’s communications department with the West- 


Due to the long association of 


ern Union Telegraph Company, many Western Union 
practices have been continued, especially with respect 
to testing and patching the open-wire plant. A typical 
railroad testing and patching switchboard installation 
is shown in Fig. 6. 


DATA FACILITIES 
IN 1956, the railroad entered into a program to ex- 
pedite movement of trains and the handling of identi- 
fying correspondence by employing techniques called 
electronic data-processing methods, or, in simple lan- 
guage, “machine accounting.” Equipment manufac- 
tured by the International Business Machines Corpora- 


tion (IBM) was utilized. Originally, the data was trans- 


Fig. 3. Typical teleprinter sending facilities. 
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Fig. 4. Union Pacific Railroad's telephone channel facilities. 


mitted on teleprinter channels and converted from card 
to tape and tape to card ona local basis, but this pro- 
cedure 


was cumbersome, wasteful of and 


much too slow. 


ma npower 


The program of data transmission was speeded up in 
1957 by the elimination of the intermediate process of 
card to tape and tape to card by utilizing the trans- 
ceiver manufactured by IBM, transmitted a 
card from one transceiver to a similar transceiver at 
the distant end on 100-wpm teleprinter channels. After 
approximately a year’s experience with this type of 
equipment, it was realized that it, too, was inadequate 


which 


for the assigned task, and that it would be necessary to 
use higher speeds which necessitate using the voice-fre- 
quency-type transceiver, on a 4-wire basis, whereby four 
transceiver channels can be derived from one voice-fre- 
quency telephone channel, resulting in the doubling of 
the number of cards per minute transmitted and re- 
ceived by each transceiver circuit. 

Early in 1958, a comprehensive data system was estab- 
the entire railroad to feed data from the 
various originating points to the IBM model 705 com- 


lished ove 


puter located at Omaha, for car record operation be- 
tween the various reporting offices. This system is illus- 
trated in Fig. 7. 

Today, two types of data are being handled on the 
present facilities. One type is the “car record” which 
is the operational record of all freight cars moving 
throughout the Union Pacific system, and to connecting 
railroads. The second type of data transmitted is “‘pay- 
roll accounting” in which the payroll records of the 
employes of the railroad are channeled daily to the 
computer in Omaha, where the payroll record is kept 
and the checks prepared for payment on a semimonthly 
basis. 


SPECIALIZED FACILITIES 


ONLY IN RAILROAD OPERATION is it necessary for one 
person to direct and control an entire facility cover- 
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Fig. 5. Typical c 





ing, in many instances, several hundred acres. This 
is the condition that exists in railroad yards. To expe- 
dite the movement of trains and the switching of cars 
through the various terminals, it has been necessary to 
establish large intercommunicating and paging facili- 
ties whereby the supervisor can contact and direct 
many different persons, diesel switching crews and re- 
pair forces. This is accomplished by means of strategi- 
cally located paging speakers and 2-way talkback speak- 
ers which permit an employe to signal his supervisor, 
or the supervisor to speak to personnel even when they 
are several hundred feet distant from the speaker. Each 
of these yard intercommunicating systems is custom 
engineered to provide the best coverage in view of the 
service requirements. This service in the yards is gen- 
erally provided through buried multiconductor tele- 
phone cables comparable in many cases to the telephone 
exchange plant in villages and small towns. Yards fre- 
quently have 15 to 25 paging speakers and as many as 
100 2-way talkback speakers, all under control of one 
supervisor. A similar problem exists in the modern ter- 
minal freight house with incoming and outbound 
freight and trans-shipment of freight from one car to 
another, in that the entire operation must be under the 
direct control of one individual. The problem most 
generally is solved with a system somewhat smaller to 
that utilized for yard operations. 


FUTURE 
PRESENTLY, there is no further room for expansion 
on the wire-line communications plant and yet the re- 
quirements exist for more facilities for voice communi- 
cations, teleprinter channels, and for the transmission 


of data of many types and from many places on the 
Union Pacific into Omaha. The cost to expand the 
wire communications plant would be prohibitive. The 
railroad, therefore, is entering into a program of in- 
stalling a microwave radio communication system. 
Presently under construction is a system from Omaha 
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Fig. 6. Typical wire-testing and patching facility on a railroad com- 
munication system. 





Fig. 7. Union Pacific Railroad’s data-transmission system. 


to Laramie, and the section from Larzmie to Salt Lake 
City is now in the planning stage. It is hoped that the 
communications facilities so derived by microwave 
techniques will be adequate for a number of years to 
come, 

Presently over the major portion of the railroad, two 
pole lines exist: one pole line is used by the signal de- 
partment to control the operation of signals and in cer- 
tain areas to provide centralized train control; the 
other pole line is used by the communications depart- 
ment to provide the communication facilities. For the 
past several years, when it has been necessary to rebuild 
or replace either of these pole lines, a concerted effort 
has been made to consolidate, where feasible, the pole 
lines into one line. Progress has not been too rapid, 
frequently due to the large number of wires of the two 
departments. It is believed that the incorporation of 
microwave radio facilities into the railroad’s communi- 
cation plant wil permit the elimination of considerable 
pole line mileage by reducing the number of wires 
needed by the communications department, which will 
then permit one pole line to serve both departments. 

It is possible that a certain number of carrier sys- 
tems will be retired because the service they are per- 
forming can be more easily performed by microwave 
techniques, but due to the scarcity of population in the 
area served by the Union Pacific Railroad, there is 
limited availability of commercial telephone facilities 
along the railroad’s right-of-way. It is mandatory that 
the railroad be able to get in touch with many of its 
employes living at isolated areas along the right-of-way 
in the event of emergencies and other conditions re- 
quiring their services on an unscheduled basis, and it 
is only through railroad communication facilities that 
this personnel can be contacted, 





Major Relay-Design Advance 


A printed-contact permanent-magnet relay, which 
makes possible substantial savings in space, weight, and 
assembly costs, has been developed by the Components 
Division of Executone, Inc. The new relay, known as 
Printact’ (registered trademark) represents a new 
approach to relay design and manufacture. 

The new relay is mounted on and becomes an in- 
tegral part of a printed-circuit board. Fixed contacts 
are eliminated entirely and the moving contacts which 
are part of the armature assembly are designed to mate 
with conductors on the printed board. The new device 
employs a permanent magnet in place of a spring to 
hold the relay armature open. This force remains con- 
stant and eliminates any adjustment or maintenance. 

Development of the new relay came about as the 
result of problems with conventional relays encountered 
by Executone, Inc. 


Photo shows individual memory module that registers 
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up to 40 items of information in a doctor’s register and 
has 20 Printact relays occupying 814 by 534 by | inches 
of space. 
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Static vs. Relay Logic for 


Aircraft Protective Panels 


W. O. HANSEN 


Reasoned argument is made against the indis- 
criminate use of transistor or other “‘static’’ ele- 
ments replacing electromechanical relays with- 
out making a thorough reliability analysis. In a 
particular application, an aircraft protective 
panel design using relays as logic elements is 
herein shown to be more reliable than a parti- 
cular equipment transistorized design. 


ITH the advent of transistors and other semi- 

conductors, there has been considerable effort 

expended toward using these “static’’ elements 
for replacement of electromechanical devices such as 
relays. The basic force behind this effort has been, of 
course, the intuitive feeling that such static devices are 
inherently more reliable than components having mov- 
ing elements that can wear and stick or consumable 
elements that eventually become expended. This feeling 
has in many cases become fact; however, many an engi- 
neer has been lured to transistorized designs which have 
turned out to be complicated nightmares with poorer 
performance and less reliability than those using con- 
ventional techniques. This is especially true where the 
equipment must operate within wide temperature and 
supply voltage variations. 

As in all good design, the advantages and disadvan- 
tages of each design technique as applied to the specific 
application must be considered. The very special char- 
acteristics of transistors, such as their small size and 
power dissipation, fast speed of response, and high 
shock and vibration resistance, all but eliminate the 
relay from consideration for some applications. Con- 
versely, there are those functions that are uniquely 
fulfilled by electromechanical devices such as contac- 
tors for high-power switching, etc. 

One area where transistors have found wide applica- 
tion and in many instances have displaced relays is in 
the logic functions of computers and similar applica- 
tions. In comparing characteristics, the advantages of a 
given technique are often quite obvious, such as speed 
of response, or the need for billions of operating cycles. 
The consideration of reliability in these comparisons 
has usually been used as a blind justification to favor 
transistors over relays, whereas the relay actually may 
be the more reliable. 


Essentially full text of paper CP60-1045 recommended by the AIEE Aero 
Space Transportation Committee for presentation at the AIEE Pacific 
General Meeting, San Diego, Calif., Aug. 8-12, 1960 

W. O. Hansen and J. 
Waynesboro, Va 


Popa are with the General Electric Company, 
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MEMBER AIEE 


One such application where a careful analysis shows 
that the relay approach is the more reliable is in the 
logic and switching functions of a typical control and 
protective panel of an aircraft electric power system. 
(Such a panel which provides supervisory control and 
performance protection is in effect a small computer.) 
The reasons for this conclusion are presented and dis- 
cussed herein. They are based upon a logical prediction 
of reliability using component failure-rate data ob- 
tained from actual field experience. The reliability 
prediction process assumes that circuitry is essentially 
a series arrangement; i.e., failure of any one component 
will cause failure of the whole panel. It further assumes 
that the components, exhibit constant failure rate. A 
direct comparison between circuits can be made there- 
fore, by merely totaling the failure rates of the com- 
ponent parts.! 


LIFE CHARACTERISTICS COMPARED 


BEFORE SUCH A COMPARISON is made, it is advanta- 
geous to consider the life characteristics and modes of 
failure of the various components so that a more accu- 
rate estimate of failure rate can be made. Relays along 
with vacuum tubes, switches, etc. have had a rather poor 
reputation for reliability. Using a generalized past his- 
tory, a designer could justifiably eliminate the use of 
relays from consideration. However, some relays have 
performed admirably and great design improvements 
recently have been made, thereby changing the picture, 
considerably. 

Failure of relays may result from coil failures, mis- 
other causes. Coil 
reliability is obtained by using proper insulating mate- 


operation of contacts, or from 
rials for the environment and conservative design tech- 
niques to limit small wire sizes, and detrimental tem- 
perature rises. Contact reliability results from proper 
attention to a number of factors. Dry circuits; i.e., those 
having very low contact current, are avoided since this 
is a cause of many failures to “make” contact. High 
currents for a given size contact are avoided as they 
cause welding or sticking of contacts. Dirt within the 
hermetically enclosed relay can cause random sticking 
of the mechanism or failure to “make” if it gets between 
contacts. These faults can be virtually eliminated by 
use of special or “white room” manufacturing facilities 
and a run-in of 10 to 15,000 operations. There is, of 
course, no substitute for a dependable mechanism. Life 
tests have shown that failure due to wearout can be 
extended to | to 5 million operations which far exceeds 
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Fig. 1. Relay 4-trip counter with erase feature. 


the 50,000 maximum number of operations required 
As a result of attention to these 
factors, a properly manufactured, tested, and applied 
1,000 


for an aircraft panel. 


relay can have a failure 
hours in a typical aircraft panel environment. 


rate of less than 1°, per 


Transistors not only. fail catastrophically but can 


cause faulty circuit operation because of changes in 
characteristics. When presently available transistors are 
low favorable 


run at constant 


failure 


temperatures, very 
rates (as low as 0.01% per 1,000 hours) can be 
in the —65 to 120 C ambients en- 
countered in aircraft, a practical value of 0.7°% per 1,000 
hours can be attained only with careful application. 


obtained. However, 


Resistors of the type that would be used in transis- 


circuits have a failure rate of approxi- 
mately 0.1°% per 1,000 hours. 


As mentioned previously, the failure rates established 


torized logic 


for this analysis are based upon field experience and 


published data.* The actual value is influenced by the 


particular environment, and upon the type of compo- 
nent used to accomplish the design objectives of the 
For example, in an aircraft 


equipment in question. 
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Fig. 2. Transistorized 4-trip counter with erase feature. 
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protective panel where minimum size and weight are 
design objectives, the designer is compelled to operate 
his components at or near rated values. This is the 
situation under which the failure rates were established 
It is recognized that the literature? 
shows sharp declines in failure rates as the stress level 


for this analysis. 
and the ambient temperature are reduced; however, 
this can only be accomplished at the expense of added 
weight and cost. For instance, one group of investigators 
1,000 hours for 
transistors based 


has used a failure rate of 0.59% per 
1,000 hours for 


on information from Wright Air Development Center; 


relays and 0.5°% per 


however, we feel that 1% per 1,000 hours and 0.7% per 


1,000 hours, respectively, are more nearly correct for 


values 
are heavily weighted by our own experience with an 


the equipment being analyzed.'? These latter 


aircraft electric system used in the Electra turbo-prop 
commercial airliner wherein failure data has been ac- 
cumulated for a total of 369,000 panel-hours of actual 
flight. No 


substituted for this type of information. It is of interest 


amount of laboratory simulation can_ be 
to note that the prediction of equipment failure rate 
made prior to receipt of any field data and based on 
information then available in the literature was within 
failure rates 


6% of that actually experienced. These 


are, as mentioned, assumed to be constant and do not 


include the usually high early failure or infant 
tality losses or wearout failures. Since relay contact life 
is more a function of the number of operations rather 


than time, the infant mortality period can be 


mor- 


easily 
and inexpensively eliminated by a run-in of 10 to 15,000 
operations. By contrast, semiconductors which have a 
very high infant mortality failure rate compared to 
their constant failure-rate value require very expensive 
and long run-in tests. One manufacturer of a transis- 
torized aircraft control panel found an initial panel 
failure 1,250°, per 1,000 80-hour 


mean time between failures), and after extensive com- 


rate of hours (an 

ponent and panel run-in testing reduced it to an accept- 

able 25°; per 1,000 hours. Only very short run-in tests 

for the Electra control panel (which uses relay logic 
I 


and switching) have been found necessary. 


TRANSISTORIZED PANEL MORE COMPLEX 


WHEN COMPARING CIRCUITS it is striking to note the 
much greater complexity of a transistorized panel over 
one using relays. The major reason for this is that one 
cannot merely replace a relay with a single transistor. 
The exact number of additional components required 
depends on the circuit approach, but various sources 
show that approximately one transistor, four resistors, 
and an occasional diode and capacitor are necessary to 
replace one relay contact. A single 4-pole double-throw 
at least 4 
resistors. Other factors which increase complexity are 
regulated 
source, protection against transients, and temperature 


relay requires, therefore, transistors and 16 


the transistor’s need for a_ closely power 


compensation. 
To illustrate this, an analysis is made of a particular 
logic circuit called a ‘‘4-trip counter with erase feature.” 
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Its purpose is to transfer load from the main electric 
system to an emergency system when a fault occurs and 
does not clear itself after being cyclically reset. The 
main system is “sensed” four times for the fault, and 
is shut down and transferred permanently if a fourth 
closely spaced trip signal occurs. If the fault is cleared 
before the fourth trip, the electric system is returned 
to its normal condition and remains there. The erase 
“erases” 


feature the previous information and _ resets 


the “information storage” portion of the circuit, there- 
by returning the counter to its original state. 

A method of applying relays to accomplish these func- 
tions is shown in Fig. |. The transistorized version is 
shown in Fig. 2. A brief analysis of Fig. 1 shows that 
the circuit operates as follows: The pilot closes switch 
S when turning on the electric system. The input or 
signal in Fig. | is the closing of the contacts 7 of relay J 
(coil not shown in Fig. 1) when a fault occurs. The 
number of times a fault is sensed is recorded by the 
opening of one of the normally closed contacts a, b, x, 
and y. When all of these contacts are opened the out- 
put of the system consists of the de-energizing of the 
relay O. This closes the transfer control circuit and 
transfers the electric system to the emergency generator. 
The erase feature consists of the time delay relay E 
(erase) being actuated after a predetermined time and 
momentarily opening contacts e (erase), thus de-energiz- 
ing, or erasing all the circuits. 

In Fig. 2 the pilot closes the switch §$ and a fault 
causes an input signal J to be impressed upon the first 
of the “steered” flip-flops. When the last flip-flop is in 
the conducting state the output of the system consists 
of an output signal O, de-energizing the relay O and 
causing contacts o to close. This closes the transfer 
control circuit and transfers the electric system to the 
emergency generator. The erase feature consists of the 
time delay relay E (erase) being actuated after a pre- 
The 


is then placed on each flip-flop 


determined time and closing contacts e¢ (erase). 


positive voltage +V,, 
reverting them to the original state experienced before 


the counting began. 


PFABULATION OF FAILURE RATES 


TABLEs I ANp II are the tabulation of the components 
and their failure rates for the circuits of Figs. 1 and 2. 
It is to be noted that the relay circuit failure rate of 


7% per 1,000 hours is 2.68 times better than the trans- 
circuit. It is to be that the 


increased complexity is such that the relay circuit is 


istorized further noted 
better even if the transistors were considered perfect 
(0% per 1,000 hours failure rate). It is again emphasized 
that this comparison is for a particular set of com- 
ponents and for a particular requirement; however 
both approaches are believed to have the same degree 
of design conservatism, component quality, and quality 
control. Further derating of components used in the 
transistorized approach, combined with better quality 
control etc., could substantially decrease its failure rate; 
but similar efforts directed at the relay approach will 
also reduce its failure rate a comparable amount. For 
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Table I. 4-Trip Counter with Erase Feature 
(Relays) 





Total 


Component Total Quantity Failure Rate* Failure Rate* 





Relays 





*The failure rate is in per cent per thousand hours. 





instance, using the data in Navships 900-193 with a 


low ambient temperature and a high degree of derating 


(including 209% of rated power on transistors and 20% 


of rated contact current on relays), the failure rates can 
be estimated to be 2.1°% per 1,000 hours and 1.7% per 
1,000 hours respectively.* (This result still shows the 
relay approach to be superior.) It should be recognized 
that such derating of this transistor circuit would be 
impractical, for it would require use of larger and con- 
sequently heavier (perhaps four times) and more costly 
components, or more of the lower level units which 
would in turn contribute to greater total failure rate. 
At the same time, the relays used in this application 
have characteristics which have already allowed this 
high degree of derating. As the ambient temperature 
requirements increase, the advantages of the relay 
become more apparent as the failure rates of the transis- 
tors increase much more rapidly with temperature than 
do relay failure rates. 

As a further illustration, a comparison is made of a 
complete protective panel designed for use in a high 
performance military aircraft, and utilizing the trip 
counters of Figs. | and 2. One is completely transis- 
torized, including the various sensing circuits such as 
over-voltage sensing, etc. The other uses sensing circuits 
based on magnetic amplifiers combined with relay logic. 
Tables HI and IV, which tabulate the components and 
failure rates, show the relay panel failure rate to be 1.98 
times better than the transistorized panel. The failure 
rates of the control panel are broken down into the 
categories of power supply, sensing circuit, and logic cir- 
cuit in Tables III and IV to assist in analyzing the rela- 
tive failure rates of the two approaches. Note that the 
power supply of the transistorized panel has more com- 
ponents and a higher failure rate. As would be ex- 
pected, the failure rates of the sensing circuits are 
approximately equal. The relay logic failure rate is 3.6 
times as good as the transistorized logic failure rate and 





Table Il. 4-Trip Counter with Erase Features (Transistors ) 





Total 


Component Quantity Failure Rate* Failure Rate* 





Transistors 7 7.00 
Diodes and Rectifiers : 45. 5.85 
Capacitors 72 
Resistors 

Relays 





*The failure rate is in per cent per thousand hours. 
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Table III. Aircraft Control Panel Using Relays 


Table IV. Aircraft Control Panel Using Transistors 























Power Supply Sensing Circuits Logic Circuits Power Supply Sensing Circuits Logic Circuits 
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3.39 22.86 14.00 5.26 24.18 50.43 
Power Supply failure rate = 3.39 Power Supply failure rate = 5.26 
Sensing Circuits failure rate = 22.86 Sensing Circuits failure rate = 24.18 
Logic Circuits failure rate = 14.00 Logic Circuits failure rate = 50.43 
= 40.25 Total Panel failure rate = 79.87 


Total Panel failure rate 





*The failure rate is in per cent per thousand hours. 





*The failure rate is in per cent per thousand hours. 





results in the total failure rate of the relay panel being 
approximately twice as good as the transistorized panel. 


CONCLUSIONS 
1, WHEN INVESTIGATING the reliability of a design it is 
necessary to consider the particular components used in 
light of the particular specification requirements. 
2. Techniques are now available with which to make 
realistic reliability predictions of designs and permit 
comparison of various design approaches. 


3. It has been shown that an unreliable approach in 





one application may be the more reliable in another. A 
particular aircraft protective panel design using relays 
for logic was shown to have greater reliability than a 
design using 


particular transistorized 


presently available components. 


equivalent 
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Electrical Conductor Buses 


A group of enormous aluminum tubes have been 
fabricated by the Delta Star Electric Division of H. K. 
Porter Company, Pittsburgh, Pa., into what are believed 
to be the world’s largest electrical buses, both in physical 
size and in amperage capacity. For use as ‘‘generator 
leads” or “station bus” (to carry electric energy from 
a turbine generator into the switchyard of a power 
plant), the buses are 19 and 20.5 inches in diameter, 
with 54-inch walls. They are rated 10,000 to 11,500 
amperes, for operation at voltages of 12.6 to 16.5 kv. 

The 19-inch tube is an extrusion, supplied by Alumi- 
num Company of America (Alcoa), of Pittsburgh. Ex- 
truded from electrical conductor aluminum alloy billets, 
the tube is produced on giant 14,000-ton extrusion 
presses. It is believed to be the largest extruded tubular 
conductor ever made. 
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The 20.5-inch tube is roll- or brake-formed by Delta 
Star from Alcoa aluminum plate, joined by argon gas 
MIG welding. A total of over 2,300 feet of bus has been 
fabricated by Delta Star for three major utility installa- 
tions. With the exception of insulating supports, the 
entire bus assemblies are aluminum. Surrounding the 
bus is a 42-inch-diameter isolated phase housing of con- 
tinuous-seam-welded, roll-formed 1100 alloy aluminum 
sheet, l4- or 14-inch thick. The housing assembly is sup- 
ported by cast aluminum ring supports. The bus is of 
“telescoping” design, and the flexible leads for the bus 
joints permit movement at the point of joining. These 
leads are flexed laminations of 40 aluminum sheets 
welded to aluminum plate at either end. The all-alumi- 
num combination of housing and ring supports provides 
continuous ground for the bus. 
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Lightning Performance of Transmission Lines—III 


C. F. WAGNER 
FELLOW AIEE 


HE purpose herein is to present a_ simplified 

method of calculating the voltage across the line 

insulation for a stroke terminating on the tower 
top and zero tower footing resistance based on the 
theory and equations derived in two previous papers. 
For purposes of analysis, the stroke has been resolved 
into two components: (1) a linear-front flat-top wave of 
positive charge and associated current that flows upward 
along the axis of the downward leader at a constant 
velocity less than that of light, and (2) a linear-front 
flat-top wave of negative charge and current which is 
fed into the tower and ground-wire combination. 

To determine the voltage across the insulator string 
caused by the current and charge fed into the tower and 
ground-wire system, the loop-voltage method of field 
theory analysis is used. It is shown that the loop-voltage 
method leads logically and converges into the conven- 
tional traveling-wave theory. Fig. 1 (A) shows the volt- 
age across the top insulator string of the single-ground- 
wire 345-kv AEP-OVEC (American Power- 
Ohio Valley Electric Corporation) tower as calculated 


Electric 


by the loop voltage method and by conventional travel- 
ing-wave theory. The values of surge impedances used 
in traveling wave calculations were determined by equa- 
tions developed from the loop-voltage method. That is 


Z, = ground-wire surge impedance — 


60 In 2h/r, 


Z, = tower surge ‘impedance = 60 In \/2 2h/r, 


Z,- = mutual surge impedance between ground wire and conductor 
— 60 In 2h/d 
where /: is the ground-wire height, d is the distance 
from the ground wire to the conductor, and r, and r, are 
the ground-wire and tower radii, respectively. Thus, it 
is concluded that to calculate the voltage produced by 
the current and charge fed into the tower and ground 
wires, conventional traveling-wave theory can be used 
provided the proper values of surge impedances are used. 
In view of the wide range of tower surge impedances 
that appear in the literature, a specific equation justi- 
fied by theory is an important result of this analysis. 
To determine the voltage across the insulator string 
caused by the charge and current traveling upward from 
the tower top, the field-cancellation method of field 
theory analysis is used. From this analysis, the following 
simplified equation for the voltage across the msulator 
IV’, is 
Vi;= Ve —C., Ve —K/, Ve 
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Fig. 1. Voltage across top insulator string of single ground wire AEP- 
OVEC 345-kv tower for a flat-topped stroke current with a linear front 
having times to crest as denoted. 





field theory method; --—--— traveling 
ohms, Zt = 280 ohms, and Zee = 137 ohms); 
charge fed into the tower and ground 
above the tower. 


wave method (Zs — 575 
(A) caused by current and 
wires; (B) caused by charge 


where V., V,, V, are the average potentials along the 
conductor, ground wire, and tower, respectively, caused 
by the charge above the tower. C,,, is the coupling factor 
between the conductor and ground wire and K//t, where 


cag 


t is time, is a correction factor which represents the 
changing coupling factors between the tower and 
ground wire and the tower and conductor. By use 
of the equation given here, the voltage across the 
top insulator string of the single-ground-wire AEP- 
OVEC 345-kv tower is calculated and presented in Fig. 
with 
the voltage as calculated by field theory concepts. Thus, 


1 (B). These values of voltage agree to within 5% 


) 


it is concluded that this simplified equation can be used 
to calculate the voltage across the insulator string 
caused by the charge above the tower. 
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Fig. 1. Block diagram of basic digit detection circuit. 


ONE operation of electronic switching centers is 
¢ a natural outgrowth of 4-wire operation ol com- 
munication systems using a radio link. The radio cir- 
cuit may be anywhere between the subscriber and the 
switching center or between switching centers. 

Once the decision to use tone-operated devices had 
been reached, the next major decision was “what part 
of the spectrum should be utilized for the control 
tones?” For ease of design, the obvious answer would 
be to use a frequency band for control which is sepa- 
rate from the information frequency band. A little re- 
flection shows the fallacy of this thinking. The band- 
width requirement becomes out of proportion to its 
use. The switching function operates during such a 
small period of the total circuit holding time that to 
utilize an expanded bandwith solely for this function 
is wasteful in an already crowded frequency spectrum. 
A separate signal band is also expensive from a compo- 
nents point of view since separating filters and signaling 
circuitry are needed at every switching stage. 

For these reasons, in-band supervisory and keying 
tones that are within the frequency spectrum required 
for the transmission of intelligence were chosen as the 
mode of operation. 

Laboratory investigation along with research into 
to the decision that each 
supervisory and keying signal should be composed of 


the available literature led 


a 2-frequency tone. Accordingly, all supervisory func- 
tions except “‘seize’’ are performed by a 2-frequency 
compound tone. It was considered unnecessary to pro- 
tect against false seize initiated by voice due to the na- 
ture of telephone operation; that is, the instant the 
phone is taken off the hook, seize tone is sent out. Any 
voice tones that could simulate seize will have no effect 
because that tone is present anyway. As soon as seize 
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tone is detected and dial tone is returned by the switch-- 
ing center the seize detectors are removed trom the cir- 
cuit and any turther seize tones on that line will have 
no effect on the seize detectors. The signal detection 
circuits were designed for voice immunity simultane- 
ously with the design for operational requirements. 
Fig. 1 is a logic block diagram of the basic signal 
detection circuits. For clarity, only three frequency 
detectors are shown. Signal reception and detection are 
accomplished by amplifying the line input with an 
automatic-gain-control (agc) amplifier which produces 
an output of 0 dbm for any input signal level in the 
range of 0 dbm to —30 dbm; and by then detecting the 
individual control tones by single-frequency-pass-filters 
followed by storage circuits. Voice guard action is pro- 
vided by time delay and noise detection circuits. 
Voice guard action was checked by counting digit 
simulations per speech hour. To obtain consistent re- 
sults throughout the design and testing of the circuit, 
a standard voice test tape was made. To simulate actual 
operation as closely as possible, high-fidelity techniques 
were used for recording and playback. A pulse counter 
connected to the digit register control gave an accurate 


f 


count of the digit simulations caused by speech. Final 
results of voice simulation measured over the environ- 
(1) at 20 F 
there are 0 digits per speech hour; (2) at 76 F there are 
| digits per speech hour; and (3) at 135 F there are 16 
digits per speech hour. 


mental range show the following results: 


It is interesting to note that under the same extremes 
of environmental conditions, the signal-to-noise ratio 
(S/N) of the circuit varies from 10 db to 5 db due to 
changes in sensitivity of the Schmitt trigger circuits. 
This same variation of speech simulations is observed 
at room temperature when the S/N of the circuit is 
varied. 

At a sensitivity setting of 10 db or better S/N, the 
circuit is immune against normal voice. As the S/N is 
reduced, the noise gate becomes increasingly ineffec- 
tive against voice, and simulations rise rapidly. 
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A Narrow-Band Peak-Clipping 
Speech Amplifier 
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Overcrowded conditions within the radiotele- 
phone portions of the lower-frequency amateur 
radio bands often make communication with 
low signal levels impossible because of inter- 
fering signals or noise. A design is presented, 
based on an analysis of the human voice, of a 
narrow-bandwidth high-intelligence speech am- 
plifier for amateur and possible general use. 


HE advantages of using a narrow passband and 

peak clipping in speech amplifiers have long 

been recognized by radio amateurs. A passband 
from 200 to 3,000 cps (cycles per second) has been 
considered as being the minimum possible for faith- 
ful reproduction of speech. The unit to be described 
has a passband of from 245 to 2,050 cps; a considerably 
more narrow passband than is generally assumed nec- 
essary if intelligibility is not to be impaired. Tests 
indicate that this unit produces a highly intelligible 
signal within a narrow bandwidth in the presence of 
interference and noise. 


AN ANALYSIS OF SPEECH 

SPEECH CONsiIsTs of a wide range of frequencies be- 
tween 40 and 15,000 cps. The intelligence is contained 
only in a relatively small portion of the existing 
spectrum. One measure of intelligibility is the syllable 
articulation. This measure is defined as the percentage 
of discrete syllables which may be understood by a 
listener. Within the band of frequencies which con- 
tribute most heavily to the articulation, the peak 
amplitudes of various frequency components vary 
greatly with respect to both frequency and time. 
Also, individual variations between different people 
are considerable. Because of these characteristics, the 
problem of determining the frequencies contained in 
speech and their respective amplitudes must be ap- 
proached statistically. Fig. | shows peak-pressure data 
as functions of frequency and percentage of time for 
a typical male voice. 

From an examination of Fig. 1, it may be seen that 
within any band of frequencies the amplitude is not 
constant. This is an important factor to be considered 
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when designing a speech amplifier. Note that the 
higher frequencies (above 400 cps) may be emphasized 
without increasing the highest peak output. Note also 
that the peaks are reached a small percentage of the 
time only and that if these peaks are limited, the ratio 
of the average power to peak power in a speech signal 
may be greatly increased. 

The articulation of a speech signal suffers as the 
high or low frequencies either separately or simulta- 
neously are removed. Fig. 2 shows the relations be- 
tween the cutoff frequencies used and the resulting 
syllable articulation. It may be seen from this graph 
that the articulation is not appreciably affected until 
the lower cutoff frequency is raised to 400 cps. Simi- 
larly, the high-frequency cutoff may be reduced to 
6,000 cps. Using these two cutoff frequencies as an 
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Fig. 1. Peak pressures in speech frequency bands. 


example, the resulting articulation to be expected 
will be determined from Fig. 2. It may be seen from 
this graph that if all frequencies below 400 cps are 
removed, the articulation is 97%. Also, if all frequen- 
cies above 6,000 cps are removed, the articulation is 
98°,,. When both ranges are removed simultaneously, 
the resulting discrete syllable articulation is the prod- 
uct of the two figures stated above, or approximately 
95%. 

Other measures of intelligibility are discrete word 
and sentence articulations. Again, as in the case of 
discrete syllable articulation, these measures represent 
the percentages of discrete words or sentences a listener 
can comprehend. The correlation between discrete 
word or sentence articulation and syllable articulation 
is shown in Fig. 3. Even though some of the sounds 
which form a word may not be individually recognized 
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Syllable articulation for low- and high-passband restriction. 


by a listener, the association of various sound groups 


permits the listener's mind to make an over-all recog- 
nition of the the the 
grasps the complete thought of a sentence even though 


word. In same manner, mind 
some of the words may be indistinct. Hence, the sen- 
tence articulation is higher than the word articulation 
for a given bandpass and signal level. Both the word 
and sentence articulations are higher than the syllable 
articulation for any given conditions. Using the pre- 
vious example of a speech signal restricted to a_pass- 
band of from 400 to 6,000 cps and a resulting syllable 
articulation of 95%, it may be seen from Fig. 3 that 
the word and sentence articulations will be approxi- 
mately 97.5% 100°, respectively. 

As previously stated, a typical speech signal is con- 
stantly changing in amplitude and frequency. Because 


and 


of this, it is to be expected that instantaneous peak 
powers are considerably larger than the average power. 
The literature states that the ratio of peak power to 
the average developed for 1-second intervals by a 
typical speech signal is approximately 10 db.®.® This 
Over 
(a few sentences) the ratio of 


figure corresponds to a power ratio of 10 to 1. 
long intervals of time 
peak power to average power is approximately 20 db. 
This figure corresponds to a power ratio of 100 to 1. 
Recalling these facts, the following conclusions may 
be drawn: 

If a 10-watt amplifier is to be operated with normal 
speech input such that the peaks reach 10 watts (as- 
sumed to be the maximum undistorted power output), 
the individual speech sounds such as short words or 
syllables are likely to develop output powers averag- 
Under the same conditions, the 
average Output power over a long period of time will 


ing about | watt. 


1 watt. However, if distortion- 
less output is desired, the amplifier must be capable 


be about one tenth of 


of producing undistorted output peaks of 10 watts. 
Hence, it is seen that with a normal speech signal, the 
power handling capabilities of an amplifier are not 
efficiently utilized. 

METHODS OF OBTAINING GREATER EFFECTIVENESS 


Two MeEtHops of obtaining greater effectiveness from 
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Fig. 3. Sylkable articulation vs. discrete word and sentence articulation. 


an audio amplifier are the use of a narrowed frequency 
bandwidth and the application of peak clipping. If 
these techniques are employed in the audio section of 
an AM or double-sideband suppressed-carrier radio 
transmitter, the resulting signal will require a rel- 
atively narrow bandwidth; a feature which is desired 
if operation is contemplated in crowded bands. Also, 
the ratio of peak audio power to average audio power 
may be greatly decreased with a resulting increase in 
loudness of the received signal as well as an increase 
of utilization of modulator and modulated amplifier 
capabilities. 

It may be seen from Fig. 2 that virtually all of the 
intelligence in speech is contained in the frequency 
band located between 400 and 6,000 cps. From Fig. | 
it is seen that the relative amplitudes of the frequency 
components within this band decrease with increasing 
frequency. The average measured rates of decrease are 
and 6.5 db per The literature 
states that if the curves of Fig. | are truly representa- 


between 5.3 octave. 
tive of an average talker, it has been mathematically 
determined that with a boost of 3 db per octave the 
resultant increase in loudness would be approximately 
7 db with no increase in the peak amplitudes. Hence, 
the ratio of peak-to-average powers may be decreased 
by the use of an amplifier with a response that in- 
creases with increasing frequency. 

An inspection of Fig. 2 reveals that the bandwidth 
of a speech signal can be reduced to between 400 and 
6,000 cps before the articulation suffers. However, with 
this passband, the signal will sound shrill and high 
pitched. A general rule of thumb dictates that the 
product of the low-and high-frequently cutoffs should 
be approximately 600,000 if a properly balanced sig- 
nal is desired. Such a signal will have the proper pro- 
portion of low and high frequencies so that it will 
sound more or less natural, depending upon the band- 
width. 

Speech can be reproduced within a band as narrow 
as 1,000 cps. However, with such a greatly reduced 
bandwidth, the articulation would be undesirably low 


ELECTRICAL ENGINEERING 





tor most purposes. As a minimum acceptable band- 
width for amateur communications, consider the band 
of frequencies between 250 to 2,400 cps and the 93 
and 999%, word and sentence articulations, respectively, 
which one must accept. Since the sentence articulation 
is essentially unity, the previously stated bandwidth 
is considered sufficient for the purpose at hand. 

A peak-clipping circuit electronically limits the 
amplitudes of the output signal. If the peaks of a 
speech signal are clipped, the ratio of the average 
power to the peak power of the resulting signal can 
be greatly increased without loss of intelligence. It is 
noted that with a clipped speech wave, the average 
level of modulation may be maintained at a high level 
in a radiotelephone transmitter without the possibility 
(greater 100°;). 
Thus, the modulator and modulated amplifier capa- 


of over-modulation on peaks than 
bilities are more effectively utilized. Also, with varia- 
tions in voice intensity, the modulaton level is held 
relatively constant when clipping is applied. With a 
peak clipping level of 4 db in the speech amplifier 
AM on radio transmitter, the 
average information power contained in the sidebands 
is increased approximately 2.6 db compared to the 


of an double-sideband 


sidebands of unclipped speech of identical peak ampli- 
tudes. Similarly, the use of 11 db of peak clipping in- 
creases the information power approximately 6 db.* 
Although a moderate amount of clipping does not 
decrease the intelligibility of the resulting signal, it 
does produce high-order harmonics. With both posi- 
tive and negative peaks of a sine wave clipped 3 db, 
their 
amplitudes were found with the aid of Fourier analy- 


the following odd harmonics and respective 
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sis to be: (a) third harmonic—17.5 db below funda- 
mental; and (b) fifth harmonic—30.3 db below funda- 
mental. 

Because of generation of harmonics due to clip- 
ping, it is necessary to use a low-pass filter following 
the clipper to remove the undesired frequencies which 
may be generated outside of the intended passband. 

It is possible to employ as much as 25 db of peak 
clipping before intelligibility suffers appreciably. How- 
ever, it has been observed by this author that a loss 
of naturalness results if more than 10 db of peak clip- 
ping is used. The benefits obtained from peak clipping 
illustrate the law of diminishing return. With increas- 
ing clipping, the amplitudes of the generated har- 
monics increase and the increase of information power 
per increase of clipping level decreases. Before clip- 
ping can be used, the speech signal must be amplified 
several times for un- 
clipped speech. Hence, the hum and noise introduced 


more than would be necessary 
in the amplifier preceding the clipper must be lower 
than the tolerable level in conventional amplification 
by a factor equal to the amount of clipping which will 


be applied. 


EXPERIMENTAL RESULTS OF A TYPICAL SYSTEM 

A SPEECH AMPLIFIER employing the aforementioned 
desirable characteristics was constructed and tested. A 
schematic diagram of the circuit which was used and 
its over-all frequency response are shown in Figs. 4 
and 5, respectively. This amplifier was given its final 
tests by using it in the application for which it is pri- 
marily intended. A typical amateur radio installation 
consisting of a commercially constructed Elmac AF-67 
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Fig. 4. Schematic diagram of amplifier. 
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Fig. 5. Over-all frequency response. 


transmitter operating in the 10-meter amateur band 
was used. The output of the speech amplifier was used 
to excite the driver stage immediately before the 
modulators in the Elmac with the previous audio 
stages disabled. An Astatic D-/04 crystal microphone 
was used at the input of the speech amplifier. 

After than 100 different 
stations, not one report of an abnormal sounding sig- 
nal has been received while the reporting station has 


having contacted more 


remained ignorant of the fact that an unusually nar- 
row bandpass was being used. Hence, it is believed 
that a bandpass of from 245 to 2,050 cps at the half 
power points (Fig. 5) is sufficient for the transmission 
of speech without excessive degradation of, the signal 
quality, providing high-frequency em»hasis is em- 
ployed. Clipping levels in the order of 8 db or less 
have been noted to produce no audible distortion in 
the opinions of most persons. However, with greater 
amounts of clipping, the quality of the resulting sig- 
nal suffers although the intelligence remains high. 

Judging from the reports which have been received 
from other stations, this speech amplifier greatly in- 
creases the possibility of another station copying the 
signal despite adverse conditions such as the presence 
of noise or interference from stations which are operat- 
ing on a nearby frequency. Most of the tests were 
made with the clipping level at approximately 6 db 
and the modulation level at about 90°. Experience 
has shown that these levels are considered as being 
optimum by most receiving stations for the equip- 
ment being used. 

Local stations with both broad and narrow pass- 
band receivers have reported no noticeable distortion 
products on the edges of the sidebands. Hence, it is 
possible with this speech amplifier to operate within 
about 4 ke of another station without causing that 
station any interference because of wide sidebands or 
distortion products due to overmodulation. 

While in contact with a distant station during a 
period of poor atmospheric conditions, it was_re- 
ported by that station that it was possible to recognize 


908 


Sommer—A Narrow-Band Peak-Clipping Speech Amplifier 


every word distinctly even though the carrier level 
of the received signal was below the existing noise 
level at that receiving location. This report is not 
unique. Similar reports have been received from a 
number of mobile stations which usually must con- 
tend with a higher noise level than is generally en- 
countered at a fixed location station with a more 
elaborate receiving system. 

The narrow, clean sidebands produced by an AM (or 
by a double-sideband suppressed-carrier) transmitter 
using this speech amplifier may be attributed to the 
sharp high-frequency cutoff characteristic of the ampli- 
fier. Because of the fact that the resulting signal can be 
readily copied under conditions of low-signal levels and 
noise, it is believed that the sidebands are efficiently 
utilized although they are relatively narrow. Clipping 
action keeps the average modulation high and the high- 
frequency emphasis tends to fill out the sidebands more 
completely and increase the speech power contained in 
them without increasing the peak modulation level. 
These features improve the signal-to-noise ratio at 
the receiving station. 


CONCLUSIONS 


Ir 1s BELIEVED that the use of a narrow bandpass 
incorporates peak clipping 
greatly increases the possibility of maintaining reliable 
contact with another station during periods of adverse 
conditions. Clipping levels at 6 to 8 db provide a con- 
siderable increase in the average 
and hence, a louder sounding signal, without unex- 
ceptably high distortion or any loss of intelligence. 
As a result of crowded band conditions, radio ama- 


speech amplifier which 


modulation level, 


teurs have limited high-frequency response in audio 
equipment to approximately 3,000 cps in most in- 
stances as a means of decreasing the resulting band- 
width of the transmitted signals and hence, decreasing 
the chance of interference of one station by another. 
However, from the results of the tests which have been 
made with this amplifier, it is believed that the high- 
frequency cutoff can be reduced to 2,000 cps without 
appreciably decreasing the intelligence of the resulting 
signal, providing high-frequency emphasis is employed. 

In order to utilize the sidebands more efficiently, 
a boost of 3 to 4 db per octave above 500 cps is rec- 
ommended within the passband. 
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program for the calculation of loss formula coefh- 

cients has now been written using an approach 
which is not limited by analog techniques and which 
utilizes the unique capabilities of digital computers. The 
program provides a means for proceeding automatically 
from one step to the next during the calculation as 
well as greatly simplifying the preparation of the nec- 
essary data. 

The new digital computer method directly determines 
the impedances between all the sources of the system and 
the hypothetical load center (reference-frame-3 quanti- 
ties) without any intermediate matrix operations by 
applying the necessary mathematical constraints to the 
network. The reference-frame-3 equation is 


n 





Eom — Ex | = Zm—n | n | 1Gn 








where 


Egm = voltage of source m 

Ey, = voltage at hypothetical load center 
self and mutual impedances between source and hypo- 
thetical load 

ign = source current n 


The reference-frame-3 impedances Z,,., are determined 


digitally one column at a time by supplying all the 
loads by a single source at a time. The Z,,_,, impedances 
are projected to the loss formula coefficients (B co- 
efficients) by using a Q/P value (s value) directly de- 
termined from the frame-3 self-impedances. 

A flow chart of the loss formula program is shown 
in Fig. 1. Step I provides complete load flow results for 
peak and off-peak load conditions and calculates data 
needed in succeeding steps. In Step I, loads are an- 
alyzed for type and the appropriaté calculations for 
each type of load are made. Reference-frame-3 imped- 
ances are calculated one column at a time by an itera- 
tive circuit solution. Improved values of s are computed 
and printed on line for comparison with the original 
estimates (or previous calc ulated values) of s. If the 
maximum change in s from the previous value is not 
within a desired tolerance, new calculations can be 
made easily until the desired accuracy is reached. The 
calculation of the B-matrix in Step III is performed 
by using the frame-3 impedances and s values obtained 


from Step Il, and generator bus voltages and angles 
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Fig. 1. Flow chart of loss formula program. 


calculated during the load flow of Step I. The final 
step in the program (Step IV) is the calculation of 
losses using the newly formed B-matrix and P-vectors 
available from previously calculated load flow cases. 
Printed results of the calculations include complete 
load flow results for the base peak and off-peak load 
cases, lists of the calculated s for each generator after 
each iteration in the frame-3 impedance calculation; 
the diagonal and half of the off-diagonal terms of the 
B-matrix and a listing of the PBP losses for as many 
cases as desired. 

The new program was used recently in the deter- 
mination of a loss formula for the entire American 
Electric Power Service Corporation (AEP) as well as 
formulas for each of the three operating divisions of 
the system. Application of these new techniques to the 
AEP system resulted in significant savings in computa- 
tion time and total cost for developing a loss formula 
(1) by providing an automatic means of determining s 
factors and thus eliminating the need to carry out large 
series of load flow cases and (2) by significantly re- 
ducing engineering effort in recording and transcribing 
data and results. Once the base load flow data was as- 
sembled and the base load flow case satisfactorily com- 
pleted, the calculations proceeded automatically from 
step to step without manual intervention, thereby re- 
ducing the chance of errors. 
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Providing 150-Mc Telephone Service to 


North Carolina’s Ocracoke Island 


M. B. McMILLAN 
MEMBER AIEE 


The use of a radio-carrier system in conjunction 

with an open-wire carrier system has provided 

an isolated island community with a modern, 
reliable telephone service. 


XTENDING along the east of North 
Carolina from Manteo in the north to Atlantic 


coast 


in the south lies a chain of islands known as the 
Outer Banks. Within this chain are Hatteras, Ocra- 
coke, and Portsmouth. It is with the island of Ocra- 
coke that this article is concerned. 
The island of Ocracoke is approximately 16 miles 
long and has an average width of less than | mile. On 


ee » 


NGELHARD 


WASHINGTON 


<orr? 


HATTERAS 


OCRACOKE 


\ 
PORTSMOUTH op 
1 SLAND foo 


Fig. 1. Map showing location of Ocracoke Island, N. C. 


the north is bounded by Pamlico Sound and Hat- 
teras Inlet; on the east, by the Atlantic Ocean; on the 
south, by the ocean and sound; and on the west, by 
the sound only. The island may be reached from the 
north by automobile over paved roads on Hatteras 
and Ocracoke Islands and by State-operated ferries 
across Oregon and Hatteras Inlets. Mail boats operat- 
ing daily between Atlantic and Ocracoke offer passen- 
ger service from the south, and private plane service 
is available from several mainland cities. The island is 
inhabited by approximately 850 residents, most of 
whom live in Ocracoke Village at the southern end of 
the island. The village is adjacent to the inlet and is 
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Fig. 2. Radio trans- 
mitter—receiver bay. 

built around a salt-water lake. The pursuits of the sea 
occupy most of the island’s 850 people. 

The only communications prior to 1955 were the 
United States Coast Guard facilities at Ocracoke Vil- 
lage, which offered the islanders limited communica- 
tions in cases of emergency. In 1955, telephone service 
was requested for Ocracoke Island. The nearest tele- 
phone exchange to the island is the unattended dial 
office at Engelhard, N. 
miles distant, and the 
located in Washington, 


C., approximately 28 air line 
nearest serving toll center is 
N. C., approximately 97 air 
line miles distant; see Fig. 1. 

Surveys of the families and business establishments 
on the island 
provide a total of three communications channels for 
off-the-island communications and a 100-line dial office 
located at Ocracoke Village should be sufficient to 
satisfy demands for service. Comparative cost studies 


indicated that facilities which would 


were made utilizing (1) radio facilities between Ocracoke 
and Washington, (2) radio facilities between Ocracoke 
and Engelhard and carrier superimposed on existing 
wire-line facilities between Engelhard and Washing- 
ton, and (3) submarine cable between Ocracoke and 
Engelhard and carrier superimposed on existing wire- 
line facilities between Engelhard and Washington. 
This study indicated that the three trunks between 
the proposed Ocracoke central office and the serving 
toll center at Washington could be most economically 
provided by the use of multiplexed radio between 
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Ocracoke and Engelhard, and by carrier superimposed 
on existing wire-line facilitics between Engelhard and 
Washington. 

The desire to keep the antenna height to a mini- 
mum and the expected reflection effects on the 28-mile 
overwater path made the 152- to 162-mc frequencies 
the most attractive. After a survey of existing stations 
operating in the area in the 152- to 162-mc frequencies, 
a frequency of 152.57 mc was selected for Ocracoke 
and a frequency of 157.83 mc for Engelhard. 

The wire-line section between Engelhard and Wash- 
ington, having previously been transposed for carrier 
operation, offered a very economical layout for a car- 
rier system. A conventional 4-channel compandored 
open-wire carrier system was established in this section 
with terminals at Washington and Engelhard and with 
intermediate repeater located at Belhaven, N.C. A 
room was constructed in the rear of the hotel to house 
the 100-line dial office and the multiplexed radio 
equipment. The local cable plant was constructed on 
the island, and facilities were con- 
nected, and on June 15, 1956, telephone service was 
established to Ocracoke Island. 


radio wire-line 


RADIO EQUIPMENT 
PACKAGED station combinations modified for ex- 
tended bandwidth, as shown in Fig. 2, operating in 
the 150-mc frequency range, were used for the radio 
facilities. This combination included a transmitter, a 


receiver, and a carrier-operated relay, tropicalization- 


treated and mounted in an indoor cabinet. The base- 
band frequency response of 0.2 to 11.2 ke allows for 
the multiplexing of a voice-frequency channel and two 
single-sideband suppressed carrier channels, together 


TI 157,83 
FREQ. © 


WIRE CARRIER 
. 


+ 


INGTON VIA OPEN 


ENGELHARD 


with three associated signaling channels. The broad- 
banding of this equipment, which previously had been 
available on a single-channel basis, was accomplished 
through modification. This modification provides a 
frequency-modulation characteristic, extended band- 
width, the elimination of the peak deviation limiter, 
and the addition of feedback in the base-band ampli- 
fier. The units are phase-modulated, have a 50-watt r-f 
output, input and output impedances of 600 ohms, 
and continuous input and output level control. For 
continuous duplex operation, the operating frequen- 
cies of the transmitter and receiver are separated by 
5 mc. Actual operating frequencies, as well as trans- 
mitted levels, are shown in Fig. 3. 


ANTENNAS 

EACH RADIO TERMINAL utilizes one corner reflector 
with special iridite treatment. These antennas have 
an approximate gain of 7.5 db compared to a dipole 
with a front-to-back ratio of about 15 db. The Engel- 
hard reflector is mounted on a 150-foot guyed tower 
as shown in Fig. 4. The Ocracoke Island reflector is 
mounted on a 65-foot pole. Reinforced guying is used 
for protection against the hurricane-force winds which 
are often present along the coast. The vertically 
polarized antenna is connected to two cavity resonator 
filters with RG-8U transmission line. The cavity 
resonator filters suppress transmitter extraband radia- 
tion and avoid receiver desensitization, which permits 
simultaneous transmission and reception on the com- 
mon antenna. The cavity resonators are mounted on a 
special rack attached to the wall and are connected 
to the radio terminals with type S-450 transmission 
lines. 


Tl 152.57 


FREQ, (MO 


CARRIER 


OCRACOKE 


Fig. 3. Block diagram of radio-carrier system with transmission levels. All levels in db deferred to 1 milliwatt with 1,000-cycle tone at zero 


transmission level point. 


NoveMBER 1960 


McMillan—150-Mc Telephone Service for Ocracoke Island 


911 





Fig. 4 (left). Engel- 
hard dial central of- 
fice building and an- 
tenna structure. 


Fig. 5 (right). Radio 
2 ie wire | multiplex equipment 
be! ae ~ 


RADIO MULTIPLEX EQUIPMENT 


TELEPHONE CARRIER CHANNELS, as shown in Fig. 5, 
provide for application of three telephone message 
channels to the broad-band radio facilities. The system 
consists of one voice-frequency channel, two carrier- 
derived channels, and three signaling channels. The 


voice-frequency channel occupies a band of frequencies 
between 200 and 3,000 cycles per second, Two addi- 


tional amplitude-modulated single-sideband suppressed 


carrier channels are derived by modulation of voice 


frequencies of 300 to 2,700 cycles. Channel 2 transmits 
and the sideband of 3.5 kc 
transmits and 


receives on upper and 
Channel 3 receives on the lower side- 


band of 11.5 kc, as shown in Fig. 6. The block diagram 
of three channels of the radio-carrier system, including 
compandors and voice-frequency terminating units, 
are shown in Fig. 3. Signaling for dialing and super- 
the three transmitted and 
received at carrier frequencies of 7.5, 7.0, and 8.0 kc 


for channels 1, 2, 


vision on channels are 
and 3, respectively. Each channel 
utilizes a compandor unit to provide an effective in- 
crease in signal-to-noise ratio. 


RADIO SYSTEM ALARMS AND CONTROLS 


THE CONTROLS of the radio 


appear as both audible and visual alarms on the Wash- 


ALARMS AND system 
ington, N. C., central office switchboard with instruc- 
tions to authorized personnel for their interpretation 
and operation. A red pilot light indicates when the 
carrier is on or off. Red light on indicates the carrier 


is on while red light off indicates the carrier is off. 
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In addition to this visual alarm, an audible alarm will 
sound to indicate the carrier is off. 

The method the transmitter carriers 
on and off is as follows: The contacts of a switch lo- 
cated on the Washington switchboard are extended 
over an open-wire carrier signaling facility to Engel- 


used to turn 


hard. These facilities are used to operate a relay which 
will turn the Engelhard transmitter carrier on. When 
the Engelhard transmitter is on, its carrier will operate 
a relay associated with the Ocracoke receiver. The 
contacts of the Ocracoke carrier-operated relay are 
connected to the keying circuit of the Ocracoke trans- 
mitter. When the carrier of the Ocracoke transmitter 
is on, a relay in the Engelhard receiver will operate 
which will activate a signal light on the operator's 
position in Washington. An additional open-wire 
carrier signaling facility is utilized between Washing- 
ton and Engelhard, for control and supervision of the 
Engelhard transmitter and receiver, thereby giving 
complete system control from the Washington control 
point. The carrier system is so arranged that failure 
of the open-wire facility on which the carrier system 
is superimposed will result in a shutdown of the radio 
system. 


DIAL CENTRAL OFFICE 
THE NEW OFFICE located at Ocracoke Village is a 
step-by-step community dial central office with a capac- 
ity of 200 individual lines. The office is arranged for 
normal 2-letter 5-digit dialing and is identified as 
WaAverly 8. While local calls are made on the 2-letter 
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5-digit basis, incoming and outgoing calls to distinct 
points must be routed through the Washington cen- 
tral office. Island subscribers may reach the Washing- 
ton operator by dialing “0.” 

POWER 

THE BASIC POWER for the radio-carrier system is sin- 
gle phase, 115 volts a-c, 60 cycles. The village of 
Ocracoke generates its own power, using diesel-driven 
generator facilities. The power plant was installed dur- 
ing World War II by the U. S. Navy to provide power 
for Navy installations on the island. The facilities 
were obtained by the islanders after the war and ex- 
panded to serve the village. 

A privately owned ground return power system 
serves the town of Engelhard. This system operates 
without a the earth for 
the return path. Emergency a-c power for the Engel- 


neutral conductor and _ uses 
hard office is provided by diesel-driven automatically 
controlled alternators with a_ single-phase 60-cycle 
output of 7.5 kw at 240/120 volts a-c. In the event of 
a power failure, the generator will start automatically 
and will continue to operate until the power is 
restored. 


CONCLUSIONS 


Tue use of the radio-carrier system in conjunction 
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Fig. 6. Radio multiplex channel allocations. 


with the open-wire carrier system and the dial office 
has provided the isolated community on Ocracoke 
Island with a modern, reliable telephone service. The 
acceptance of this service by the islanders is evidenced 
by the fact that 50 additional lines have been installed 
since the initial installation was made. 
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Miami Airport Features Outstanding Lighting 


Among the important innovations at the handsome 
new Miami (Fla.) International Airport are outdoor 
lighting features provided for users of both aircraft and 
ground transportation. Overhead lighting in the huge 
auto parking area includes some specially designed 
units never before installed in any airport. Functional 
as well as decorative, these installations provide clear 
visibility with a minimum of glare, and employ power- 
ful, long-life fluorescent and mercury light sources. 

The General Electric Company's Power Groove flu- 
orescent lamps provide lighting for the service areas on 
each side of six “terminal fingers” extending from the 
central terminal building. The lamps are mounted, in 
pair., in fixtures supplied by Pfaff & Kendall. These 
units supply comfortable but effective illumination for 
airline passengers entering and leaving the 84 gate 
positions, and for the aircraft servicing crews. 

At the mammoth automobile parking area across 
from the terminal entrance, the lighting is accomplished 
by use of 400-watt General Electric color-improved mer- 
cury lamps. Well-distributed illumination here facili- 
tates the safe movement of traffic, and aids pedestrians 
in making their way to and from the terminal building. 

Maurice Connell & Associates were the airport light- 
ing engineers. Rader & Associates were the design en- 
gineers for the parking areas. 
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Reflections on the T'raffic Usage Recorder 


R. A. BAUERFELD 


Fig. 1. Author and traffic usage recorder frame. 


MAJOR problem in the field of telephone trafhc 
ee is the gathering and summarization of 
usage data. This is also the first step in the process of 
providing the telephone subscriber with the proper 
type and quantity of telephone facilities to give a 
satisfactory grade of service, which is the general re- 
sponsibility of the trafic engineer. Prior to the intro- 
duction of the Trafic Usage Recorder (TUR), suffi- 
cient accurate usage data was most difficult to obtain. 

In 1955, the TUR developed by Bell Telephone 
Laboratories Electric 
Company, became available to the telephone industry. 


and manufactured by Western 
The unit, an equipment usage measuring device, is 
designed for a large capacity and is capable of testing 
up to 3,600 items of equipment almost simultaneously. 
Controlled by a program timer, the TUR will scan 
the equipment being tested and score the results on 
registers automatically photographed by cameras at 
predetermined intervals. 

The Southern New England Telephone (SNET) 
Company, cognizant of the potential value of the TUR, 
was one of the first companies to adapt a comprehensive 
use of the recorder and had 55 units in operation at 
the close of 1959. All major local and toll offices are 
being equipped with the TUR, and both equipment 
and interbuilding trunking usage is measured. 

Although basic data for traffic engineering had been 
made readily available, it became evident that the de- 
velopment of administrative procedures was required 
to keep the over-all cost of gathering data at a mini- 
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mum. Inasmuch as data collected was to be used for 
other than engineering purposes, and clerical work 
loads had to be estimated, TUR operation schedules 
became essential. The schedules had two results: a peri- 
odic review of the basic data required to engineer 
equipment satisfactorily, and a greater degree of TUR 
utilization. 

Manual data compilation methods proved inade- 
quate and procedures have been developed by the 
SNET Company by which the readings of the auto- 
matically photographed TUR registers are processed 
by IBM machines at the SNET Company data-proc- 
essing center. The data-processing method is basically 
one whereby edited TUR film register readings are 
transferred by a key punch operator into IBM card 
decks containing identification codes gang punched 
from a master deck. The reading differences are com- 
puted and printed on a report. In addition to differ- 
ences, averages and totals are also computed. From 
the completion of the key punch operation to the final 
report, all steps are accomplished by machine. The re- 
port not only indicates actual loading of the various 
types of equipment, but provides a basic data record and 
permits a constant check on the operation of the TUR 
itself. Copies are easily printed and furnished quickly 
to all who have need for results. 

TUR data obtained for trafic engineering purposes 
are being used primarily to determine various equip- 
ment loadings as a base in the provision of facilities. 
The increased availability of basic data in quantity and 
reliability lessens the requirement for applied judg- 
ment to unknowns, and decreases the expected margin 
of error and resultant safety factor in estimating fu- 
ture equipment loadings. Inasmuch as a major portion 
of invested capitol is in the vast amount of call-carry- 
ing central office equipment and outside plant, more 
efficient utilization of facilities will result in substantial 
dollar savings. It is in this respect that the TUR has 
realized and will continue to realize savings many times 
its monetary value. 

In addition to improved utilization, TUR data are 
being used to analyze existing trafic characteristics 
that may suggest future engineering concepts and tech- 
niques. Special studies showing load service relation- 
ships under various conditions have been undertaken 
with remarkable Also, trafic patterns and 
subscriber habits influencing the loading within an 


success. 


office are being studied. 

Although this report highlights traffic engineering 
with the TUR, it should be noted that TUR data are 
being used very successfully by local equipment admin- 
istrators to balance loadings by proper equipment as- 
signments. TUR results are also aiding in the equitable 
distributions of intercompany toll revenues. 
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A. Transistorized Pulse Monitor 


D. M. DAVIES 
ASSOCIATE MEMBER AIEE 


A device is described that continuously monitors 

the pulse rate of an individual on the operating 

table. This aids the anesthesiologist in keeping 

a constant check on the condition of the heart, a 
task that was formerly impossible. 


NE of the major areas of concentration in the 
medical profession has been the heart. This vital 
organ deserves great attention. Today the linking 

of the electronics field with that of the medical field is 
enabling doctors and researchers the world over to have 
a better understanding of the heart and its functions. 
Electrocardiographs, cardiac pacemakers, and a device 
for starting an arrested heart with a very small voltage 
are but a few of the accomplishments in this area. 

In the past, few attempts have been made to aid the 
anesthesiologist in the operating room in keeping a 
constant check on the condition of the heart. In most 
cases, the doctor and anesthesiologist have had to rely 
the individual’s 
pulse. Because of this, it was impossible to keep a con- 


on others to take an actual count of 


stant check on the pulse rate of an individual. 
It was felt that if a device could be developed which 
would give both a visual and aural indication of the 








Fig. 1. Pilot model. 


average pulse rate of an individual, it would be an in- 
valuable aid to the anesthesiologist and others in the 
operating room. If such a unit were available, not only 
could a constant automatic vigil be kept on the pulse, 
but one or more people could be released from this 
job to do something else. 
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Fig. 2. Block diagram of pulse monitor. 


DESIGN 


Ir was FOUND that there were many basic require- 
ments which had to be considered in undertaking this 
project. Any such device, in order to have any practical 
use, must be compact in size, rugged, highly accurate, 
and easy to operate. All of the components used must 
be of the highest quality, thus ensuring a long life for 
the unit. It was also found that the danger of electric 
arc must be taken into consideration, since in the oper- 
ating room the presence of even a small arc might cause 
a disastrous explosion. 

Transistors rather than vacuum tubes have been used 
in an effort to fulfill these requirements. The pilot 
model (Fig. 1), has been assembled in a sloping panel 
cabinet, 414 inches wide, 4 inches deep, and 4 inches 
high. Since transistors are inherently more rugged than 
vacuum tubes, the limitation on ruggedness of the unit 
is, therefore, determined solely by the meter, which, if 
desirable, might be shock mounted. The circuits used 
in this unit are relatively independent of the character- 
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Fig. 3. Schematic of pulse monitor. 
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istics of the individual transistors used. Reliability is 
excellent. A “ballpark” estimate on the mean time to 
failure (MTTF) of the unit, excluding the battery, is 
approximately 15,000 hours. Changes in battery volt- 
age of up to 15% have not affected the operation of the 
unit, but the meter accuracy suffers to a small extent. 
The use of transistors also gives a marked increase in 
total life as compared with vacuum tubes. No danger of 
electric arc exists because only 9 volts at approximately 
10 milliamperes (ma) is required for power. The sloping 
panel cabinet and the edge-ruled meter were chosen be- 
cause it was felt that viewing would be easier from a 
variety of angles. All controls, which have been kept 
to a minimum, are clearly marked and strategically lo- 
cated for ease of operation. 

Two types of pick-up devices may be used with this 
unit. A sensitive microphone such as the recently devel- 
oped electronic stethoscope or the electrodes commonly 
used in conjunction with electrocardiographs may be 
used with satisfactory results. 

THE 


BLOCK DIAGRAM 


TURNING TO THE BLOCK DIAGRAM (Fig. 2), it is seen 
that a signal picked up by either of the aforementioned 
methods is amplified by the three stages of audio ampli- 
fication. This is done in order to obtain a signal of 
sufficient magnitude to trigger the control circuits. The 
graph shown above the low-pass filter is a typical heart- 
beat obtained with an inexpensive microphone feeding 
into an audio amplifier which in turn was connected 
to a Brush ink graph recorder. The rise time of the 
largest pulse of this waveform corresponds to a frequency 
of approximately 100 cycles per second (cps). Therefore, 
any frequencies in the signal which are higher than 100 
cps are not needed and, in fact, could impair the oper- 
ation of this unit. Because of this, we have employed a 
low-pass filter to reject this unwanted noise; the cut-off 
frequency of the filter being approximately 150 cps. 

The clipper is used to reject all residual noise which 
occurs between beats of the heart, ensuring good trig- 
gering of the monostable multivibrator on each beat. 

The pulse width of the multivibrator is 133 millisec- 
onds. For such slow repetition rates as are encountered 
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with heartbeats, an undamped meter would fluctuate 
severely. Therefore, an averaging circuit is employed to 
damp out these fluctuations and give a relatively constant 
reading. The average voltage appearing across the meter 
circuit is altered by the pulses coming from the multi- 
vibrator, since the length of each pulse (pulse width) 
is fixed. The negative pulses, as shown on the block 
diagram, are inverted in the average circuit. It is, there- 
fore, quite evident that the more pulses received in a 
given period of time, the higher the reading will be, 
and vice versa. 

A variety of outputs are available with this unit. A 
true reproduction of the heartbeat as picked up by the 
microphone is sent through a conventional power ampli- 
fier and can be heard through either the speaker in the 
side of the monitor or an external speaker. Earphones 
might be desirable when listening to such a reproduc- 
tion, and so an output for this purpose has been pro- 
vided. If electrodes are used as the pick-up device, this 
same output could be fed into an oscilloscope or electro- 
cardiograph for a visual presentation of the condition of 
the heart. Provision has also been made for monitoring 


each heartbeat aurally with a single click representing 


each beat. This is accomplished by taking the output of 
the multivibrator, differentiating it, and sending the 
resulting click through the power amplifier. Again, 
either a speaker or earphones may be used in listening 
to this type of output. 


THE CIRCUIT DIAGRAM 


TRANSFORMER INPUT and coupling for the three stages 
of audio amplification (Fig. 3) are employed for a spe- 
cific reason. Transistors are inherently noisy. Cascading 
more than three stages raises the noise level beyond that 
which can be tolerated in this unit. The input imped- 
ance must be high, and, consequently, an additional 
transistor would have been required for impedance 
matching. Transformer coupling provides a maximum 
amount of gain per stage. These three stages provide 
as much gain as four stages of RC or direct-coupled 
amplifiers. Direct coupling gives rise to stability prob- 
lems, and RC coupling would have required very large 
coupling capacitors because of the low-frequency re- 





Fig. 4. 133-millisecond pulse of multivibrator on XI scale. (Left) single 


pulse; (right) double pulse. 
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Fig. 5. 67-millisecond pulse of multivibrator on X2 scale. (Left) single 


pulse; (right) double pulse. 


sponse requirements. The 2N/33A transistors used are 
special low-noise types manufactured by Raytheon. The 
d-c operating point of each stage is dependent on the 
current rating of the transformers used (0.5 ma for the 
first two stages and | ma for the third stage). The 0.5- 
microfarad capacitor shunted across the primary of 
the transformer at the output of the first stage forms 
a low-pass filter which attenuates all frequencies above 
about 150 cps. 

Conventional triggering methods cannot be used be- 
cause of the slow rise time of the incoming signal. A 
rather brute-force technique is used here. The trigger 
transistor and the left-hand transistor of the multi- 
vibrator share a common load resistor. A small signal at 
the base of the trigger transistor will literally pull the 
multivibrator into operation. The bypassed voltage di- 
vider at the emitter of the trigger transistor caused this 
stage to act as a clipper also. Residual noise between 
beats will therefore not affect the operation of the trig- 
ger and the multivibrator. The 1,000-ohm_ potentio- 
meter is accessible on the front panel and is used to 
adjust the sensitivity of the unit. The 0.1-microfarad 
capacitor provides a degree of filtering out of high- 
The 
used so that the trigger clipper transistor will not be 


frequency noise. 50-microfarad capacitor is 
cut off when the sensitivity control is advanced to its 
Maximum position. The transistor would be cut off 
under these conditions if direct coupling were used. 

The design of the monostable multivibrator is straight 
forward. The meter scale switch selects one or the other 
of two pulse widths. With a pulse width of 133 milli- 
seconds (Fig. 4), the meter reads full scale when the 
repetition rate is 100 beats per minute. With a pulse 
width of 67 milliseconds (Fig. 5), the meter reads full 
scale when the repetition rate is 200 beats per minute. 
In normal usage, the meter should not be called upon 
to read more than 150 beats per minute. The meter 
scale switch is marked X1 and X2 meaning that the 
meter can be read directly or multiplied by a factor of 
two when repetition rates over 100 beats per minute 
are encountered. 

One will notice that a 58-037 n-p-n switching tran- 
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sistor, manufactured by International Business Ma- 
chines Corporation, was used in the average circuit. 
This transistor was chosen only because it was avail- 
able. Almost any n-p-n switching-type transistor may be 
used in this stage. During steady state, this transistor is 
fully saturated, and the /N92 diode is therefore cut off. 
This prevents the 2,000-microfarad 
charging. When a negative pulse is received from the 
multivibrator, the transistor goes from saturation to 


capacitor from 


cut off, the diode conducts, and the capacitor starts to 
charge toward a voltage determined by the resistor di- 
vider consisting of the 15,000-ohm potentiometer and 
the 9,100-ohm 1° resistor in series with the 0-100 micro- 
ammeter. This voltage is adjusted to one half the supply 
voltage so that the charging time constant is equal to 
the discharge time constant. After the multivibrator 
has returned to its original state, the transistor again 
saturates, cutting off the diode, and the capacitor starts 
to discharge through the 9,100-ohm resistor in series 
with the microammeter. Because of this series resistance, 
the meter is effectively a 0-1 volt, 10,000-ohms-per-volt 
voltmeter. The time constant of this circuit is about 
20 seconds, which gives a good damping of the meter; 
however, it takes about 38 seconds to obtain a full-scale 
deflection of the meter with a repetition rate of 100 
beats per minute. When the fast read or reset switch is 
closed, the two 4,700-ohm resistors are shunted across 
the potentiometer and series meter resistance. The time 
constant is reduced by a factor of three. The meter, 
therefore, will respond three times as fast, but the fluc- 
tuations will be too severe to tolerate. Therefore, this 
switch is only used to obtain the approximate pulse rate 
under emergency conditions. 

The fast read switch is a double-pole single-throw 
normally open pushbutton switch and is intended for 
obtaining a faster rise from start on the meter, or for 
resetting the meter. Since a reading of 100 microamperes 
corresponds to a voltage across the capacitor of | volt, 


the capacitor will only charge up to 22% 


of full charge. 
This falls within the linear portion of the time constant 
curve (Fig. 6); thus, the necessity of recalibrating the 


meter was avoided, giving the monitor an over-all accu- 
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Fig. 6. Charging curve of 2,000 «uf capacitor. 


racy of better than 5°,. The outstanding feature of this 
circuit is that by providing sufficient base current, the 
operation of the meter is almost entirely independent of 
the characteristics of the transistor used. 

In the click position, the power amplifier is fed from 
the differentiating network consisting of the 100-micro- 
farad capacitor and the 5,000-ohm volume control. 
The /N92 diode serves to block the positive spike which 
occurs at the end of the pulse coming from the multi- 
vibrator. The 50,000-ohm resistor in series with this net- 
work prevents loading down of the multivibrator. 


The power amplifier is a conventional RC-coupled 
amplifier utilizing a Texas Instruments Corporation 
2N185 transistor. Transformer ratings again dictated 
the operating points of this circuit. The 47-ohm resistor 
in series with the emitter provides a degree of negative 
feedback and serves to protect both the transistor and 
output transformer from overload due to a sudden acci- 
dental increase in sound level. The input impedance is 
also raised because of this resistor, and the circuit is 
less likely to load down the transformer driving it. 
Plugging in earphones takes the output transformer out 
of the circuit and substitutes a 2,000-ohm load for a 
600-ohm load. This does not affect the performance of 
the circuit. 


REFERENCES 


Handbook American Radio 


1959 


1. The Radio Amateur's Relay 


League, West Hartford, Conn., 


(book). 


2. Vacuum-Tube Circuits and Transistors (book), L. B. Arguimbau. John 


Wiley and Sons, Inc., New York, N. Y., 1956. 


$8. General Electric Transistor Manual (book). General Electric Company, 
3rd edition, Semiconductor Department, Syracuse, N. Y. 


4. Applied Electronics (book), T. S. 
1956. 


Gray. John Wiley and Sons, Inc., 


5. Reference Data for Electrical Engineers (book). International Tele- 
phone and Telegraph Corporation, Nutley, N. J. 4th edition. 

6. RADC Reliability Notebook—RADC TR-58-I11 (book), Rome Air 
Development Center. McGraw-Hill Book Company, New York, N. Y., 
1959. 


7. Engineering Electronics (book), J. D. Ryder. McGraw-Hill Book Com- 
pany, 1957. 





Development of Switching Tubes 


for Controlled Fusion Research 


D. B. CUMMINGS 


Conventional ignitrons have required extensive 

improvements to increase their current and volt- 

age ratings to the high values required for con- 

trolled nuclear fusion research. A 4-year pro- 

gram to develop these improved tubes and the 
results achieved are described. 


OR OVER SEVEN YEARS the Lawrence Radi- 


ation Laboratory has conducted basic research 


toward the goal of obtaining power from the con- 
trolled fusion reaction. The ignitron tubes that have 
been developed for switching capacitor banks in the 
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Mirror Machine (Pyrotron) and Pinch programs of 
research in controlled fusion at Livermore, Calif., will 
be discussed here. 

The physics problem of obtaining power from a con- 
trolled fusion reaction is basically one of creating a 
magnetic bottle of 20 to 200 kilogauss, filling it with a 
plasma of highly ionized deuterium and /or tritium gas, 
heating the plasma to a kinetic temperature of over 
100 million K (degrees Kelvin) and containing and/or 
compressing the plasma long enough for a useful re- 
action.' A temperature of 100 million K sounds quite 
unattainable, but in more familiar terms this means 
ions accelerated to an average energy level of about 
9,000 electron volts, or 9 kev. Mirror Machines have coils 
which create the “magnetic bottle” with magnetic mir- 
rors at the ends for particle confinement. These air-core 
solenoids are pulsed from a capacity bank to heat and 
compress an injected plasma. Pinch experiments rely 
upon the magnetic field created by the current carried 
by a plasma to compress or pinch the plasma. 
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CIRCUITS 


Tue circuits for the capacitor banks used in both the 
Mirror Machine and Pinch programs are shown in Fig. 
1. Fig. 1(A) shows the complex type of circuit with many 
series and parallel components typical of large, fast 
capacitor banks. Fig. 1(B) shows a simplified circuit. It 
is essentially a big very-high-power low-frequency tank 
circuit with a shunt diode. In industrial control litera- 
ture it has been known as a “free-wheeling” circuit. 
However, in controlled fusion research the shunt tube 
is almost universally called a “crowbar.” This is because 
of its similarity to the “crowbar” or “fault-diverter” 
circuit used to protect high-power oscillator tubes. 

The actual waveshapes of a capacitor bank are shown 
in Fig. 2. The capacitor bank is charged up slowly from 
a high-voltage power supply and then discharged into 
the inductive load. The current rises sinusoidally for 
4 cycle. As the capacitor bank voltage starts to go 
negative, the shunt (crowbar) tube is fired. This permits 
the current to continue circulating through the coils 
with a decay time set by the circuit L/R ratio. However, 
the energy stored in the stray inductance of the capacitor 
bank and leads keeps the series tube from extinguishing. 
The capacitor oscillates through the shunt (crowbar) 
tube for a few cycles, modulating the shunt (crowbar) 
current. The effect on the load current depends upon 
the ratio of stray to load inductance and the amount of 
damping (resistance). It is comparatively large in the 
example shown, which is a 10-kv test bank. 

Switching components have been required for many 
different types of capacitor banks, both slow and fast, 
Fig. 3 shows part of a typical fast capacitor bank, the 
I-megajoule “Green River” (gamma pinch and collapse 
bank). Each of the 600 7.5-uf 20-kv capacitors, with its 
series tube and a shunt (crowbar) tube, is connected to 
the load with several parallel strands of RG-8/U coaxial 
cable. At this laboratory, 52-ohm cable is color-coded 
green, hence the name. A requirement for this bank 














Fig. 
{A) Complex bank with 


might call for operating at 40 kv to achieve [0-meg- 
ampere peak current. The Zeus bank at the Los Alamos 
Scientific Laboratory now has 6 megajoules. The par- 
tially completed Squash Court bank at Livermore has 
capacitors rated at 10 megajoules. If released rapidly, 
this energy would be equivalent to 5 pounds of high 
explosive. Banks have been planned with intermittent 
peak powers as high as 10!” watts. This is approximately 
seven times the installed electric generating capacity of 
the United States. 

As capacitor banks became faster and potentially more 
destructive, higher performance and more reliability 
were required. It was necessary to learn how much abuse 
components could take, in order to improve them or 
to invent new ones. 


SWITCHING-COMPONENT DEVELOPMENT 


Alternative Approaches. There are at least three 
principal types of switching components which may be 
used to discharge capacitor banks. These are spark 
gaps, mechanical switches, and ignitrons. Spark gaps 
are especially useful for high voltages (20 to 100 kv) and 
short pulses (< 10 microseconds) of very large currents 
(up to 5 megamperes) . But they have a limited voltage 
range and have difficulties when used for long pulses. 
Mechanical switches have been used successfuily on 
slower capacitor banks (>2 milliseconds) where currents 
are more modest (<30 kiloamperes). Ignitrons can be 
used successfully over a wide range of time scales (2 
microseconds to 10 milliseconds) and currents (up to 
150 kiloamperes for the shorter times). They can be 
used at any voltage up to about 15 kv (some higher) 
without adjustment, are readily available at relatively 
low prices, and can be fired easily. Lives of well over 
10,000 operations without maintenance can now be 
expected. 

For nearly 4 years, a program for switching-compo- 
nent development has been carried on at the Lawrence 
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Fig. 2. Observed 
waveshapes for 10- 
kv small-ignitron test 
bank. 
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Livermore. For the afore- 


mentioned reasons, this program has largely been de- 


Radiation Laboratory in 


voted to ignitrons. In co-operation with each of the 
three United States ignitron manufacturers, this labo- 
ratory has participated in the development of 5-inch 
ignitrons, an insulated-cathode 4-inch ignitron, 2-inch 
ignitrons, and a radical low-inductance flat ignitron. 
This laboratory also has tested switch tubes developed 
for other laboratories. 

In addition, 4 :nechanical switch has been developed 
to relieve shunt (crowbar) tubes, to combine the advan- 
tages of electronic and mechanical switching. Tests have 


Fig. 3. Section of “‘Green River’’ bank (gamma pinch and 
collapse bank) of capacitors. 
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Fig. 4. Typical potted 
2-inch switching ig- 
nitron (left) and 5550 
welding 
(right). 


ignitron 


Pn ar ae Tee 


also been performed on thyratrons, liquid-metal me- 
chanical switches, and magnetic-force switches. Work 
has even been done on designing a very fast mechanical 
switch using the techniques of explosive metal forming. 
Semiconductors have been considered, but as yet it ap- 
pears that the applications are substantially beyond the 
state of the art. 


Insulated Cathode Ignitron. Historically, the first 
tubes used at Livermore were the 5-inch-diameter type 
5555 ignitron. These can carry up to 150,000 amperes 
for 50 to 100 microseconds. However, a limitation of 
steel ignitrons is that the arc transfers from the mercury 
pool to the wall. This can be quite destructive. To pre- 
vent this arc transfer, a 4-inch-diameter insulated- 
cathode tube was developed in co-operation with Na- 
tional Electronics, Inc. These tubes have each been 
tested here for over 10,000 low-voltage pulses at 10,000 
amperes, each pulse being for 20 milliseconds. With 
further development, this design should prove useful for 


slower capacitor banks. 
SMALL-IGNITRON PROGRAM 


THE MAJOR EFFORT of the Livermore development 
program has been with small 2-inch tubes, shown in 
Fig. 4. On the right is the 5550 welding ignitron with 
which the work began. On the left is its descendant 
developed for switching applications. It has epoxy 
potting around the anode seal and an anode stud instead 
of a cable connection. 

In co-operation with the General Electric Company, 
National Electronics, Inc., and the Westinghouse Elec- 
tric Corporation, the most promising ideas were tried 
in sample lots and tested at Livermore in addition to 
tests by the manufacturer. The test was an arbitrary one 
using available components with an existing capacitor 
bank. The wave shapes are shown in Fig. 2. Tubes were 
tested in shunt (crowbar) service at 10 kv, which gave 
a life of 10 to 50 pulses on the first ones tried. Although 
a reliable 20-kv tube has always been the goal, long life 
at 10 kv was sought first. After the factors affecting life 
were determined and controlled, high voltage would 
then be stressed. It was expected that whatever was 
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learned on 2-inch tubes would apply to the larger ones. 


Design Variations and Results. Fig. 5(A) shows the 
cross section af a typical switch tube (dark areas). At 
first, anodes would fall off, thus necessitating an im- 
proved class of thread fit. Many tubes would not hold 
even 10 kv reliably. Various complex designs were tried 
with contouring and electrostatic shields in an attempt 
to achieve a better electrostatic field distribution. Re- 
sults were poor. It was suspected that arc transfer to the 
wall liberated gas. Walls of molybdenum, graphite, and 
tantalum were tried. There was a large spread in the 
results. Other tubes were made with tantalum ignitor 
supports. These afforded only erratic success. In the 
meantime, other techniques began to give better results 
and the earlier approaches were discontinued. 

Various processing schemes were tried on the assump- 
tion that failure was caused (or accelerated) by surface 
conditions or inadequate outgassing of metal parts. 
Stainless steel shells and vacuum-baked cathode parts 
were tried without clear-cut advantage. Longer exhaust 
cycles at higher temperatures seem advantageous. How- 
ever, in one lot where this was maximized, the tubes 
were quite erratic because of mercury droplets which 
remained in the upper part of the tubes with unusual 
tenacity. A big improvement in the life of graphite 
anode tubes was obtained simply by the improvement of 
processing and better quality control. The greatest 
single improvement came from increasing the tempera- 
ture at which the graphite anode is vacuum-baked trom 
1,800 C to about 2,400 C. 

Gradually, tube life improved and the effects of pro- 
longed operation on the cathode could be seen. Serious 
melting and deformation were seen on the ignitor sup- 
port. This was attributed to mercury ion bombardment 
and was eliminated by moving the ignitor support out 
of the center of the tube. 

After much effort, the typical life of a graphite anode 
tube was increased from 30 to many thousands of test 
pulses at 10 kv. Tubes have gone to over 10,000 pulses, 
but the average life is not known. Testing at | pulse 
per minute takes time and most tests are stopped at 
under 2,000 pulses. On early tubes, life was multiplied 
by 10 to 100 at 50°, current. One might well expect a 
similarly increased life on improved designs with a 
similar derating. 
10-kv tubes, interest shifted to 
a new test capacitor bank for 20 kv and over. This bank 


With this success on 


has lower stray inductance and gives approximately the 
same current wave shapes as the 10-kv bank at twice the 
voltage. Series tubes are tested as well as shunt (crowbar) 
tubes. This test is more typical of actual usage in a 
fast capacitor bank. 

Evidence accumulated that the weakest point in the 
tube was the throat where the anode seal joins the top 
or anode header. Arc tracking showed many breakdowns 
in this region. In order to improve electric field distri- 
bution, the design in Fig. 5(A) was tried. This “rounded- 
throat” design raised the operating voltage about 3 kv. 
Such tubes can be used up to about 17 kv, whereas the 


NOVEMBER 1960 


Cummings—Switching Tubes for Controlled Fusion Research 


THREADED 
STUD 








ie. _ EPOXY 
POTTING 











EPOXY 
POTTING 





























>| 
PNB 


_ 














- (B) 


Fig. 5. (A) Experimental switching ignitron. Nonfilled line in throat and 
white area of anode show “rounded throat’’ tube with '/-inch radii 
for improved electric field distribution. Black areas indicate contour of 
original switching tube. (B) Experimental ‘‘double-pantleg” switching 
ignitron. All-glass throat prevents breakdown there. 


10-kv-rated conventional tubes begin to fail above 14 kv. 
These voltages can be increased at lower currents. 
improved processing increased tube life. Changing 
the electric field distribution gave a 17-kv tube; but a 
20-kv tube was still wanted. A number of people had 
wondered if graphite were the best anode material. 





1000 


JITTER 





10-2 SECOND 








a ae — ia 
1.0 

IGNITOR VOLTAGE 
(kv) 





Fig. 6. Firing delay and jitter for best sample of three 2-inch switching 
ignitrons. Anode voltage, 5 kv. Dots indicate average of sample. Bars 
show spread of data from sample. 
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Fig. 7. Low-inductance, flat switching ignitron, 19-inch diameter. 


Several tubes were tested which had steel anodes with 
titanium and tantalum orverlays. However, the overlay 
peeled and melted as the result of poor heat transfer. 
However, solid metal anodes have turned out very well, 
especially vacuum-melted molybdenum. 

One successful design is shown in Fig. 5(B). This is 
the “double-pantleg”’ tube developed jointly by the Los 
Alamos Scientific Laboratory and General Electric. It 
appears good for at least 25 kv, although it showed no 
special promise with a graphite anode. The rounded- 
throat design showed a similar improvement with a 
vacuum-melted molybdenum anode. However, the 
double-pantleg tube appears able to pass higher cur- 
rents because of better anode cooling, and performs 
better in ringing service (no shunt tube) because of 
the glass throat. 

With such large currents, a portion of the anode sur- 
face is heated to the vaporization point during each 
pulse. With graphite anodes, a sooty coating was de- 
posited within the tube. These dirty surfaces were 
probably the biggest limitation in holding 20 kv with 
graphite. Evaporation from metal anodes gives two 
clean, relatively polished surfaces. In addition, the 
evaporated film acts as a getter for unwanted gases. 
Ringing service requires that the arc reverse many times, 
each time restriking in a different place. Designs such 
as the double-pantleg tube in Fig. 5(B) prevent the arc 
from restriking in the throat, which is the poorest out- 
gassed region of the tube. Gas evolution is thus avoided. 

However, metal anode tubes, so far, have one serious 
drawback: evaporated metal gets on the ignitor. This 
helps the mercury wet the ignitor, making such tubes 
difficult to fire, especially if moved. It is hoped a solu- 
tion to this problem may be found. 


DELAY AND JITTER 


IN ORDER TO FIRE fast capacitor banks with many 
hundreds of ignitrons in parallel, it is necessary that all 
tubes fire within a fraction of a microsecond of each 
other in order to share current. Small ignitrons were 
tested for delay and reproducibility in firing. Fast co- 
axial circuits were used for both the ignitor and anode 
to achieve a rapid current rise and to permit precise 
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time measurements. One batch of ignitors from one 
manufacturer was substantially faster, although this 
characteristic has not been controlled. Fig. 6 shows the 
results on a sample of three tubes from this batch. Note 
that it plots as approximately a straight line on logarith- 
mic paper. These results agree with those predicted for 
a thermal mechanism of ignitor action.2, With 5-kv 
ignitor voltage, the minimum average delay was 0.050 
microsecond, and the minimum average jitter (total 
firing spread) was 0.012 microsecond. Other ignitors 
typically have values of delay and jitter three to four 
times larger. These data were taken with 5-kv anode 
voltage, but the results are not sensitive functions of 
anode voltage. 


THE 19-INCH FLAT IGNITRON 


IT WAS DESIRED to make a very fast capacitor bank with 
a rise to 30 million amperes in 2.5 microseconds. To 
achieve this, extremely components 
were required. The proportions of a conventional igni- 


low-inductance 


tron are wrong for low inductance; they are long and 
narrow, whereas a short, flat ignitron is needed. The 
laboratory placed a contract with Westinghouse to make 
the radical, low-inductance flat ignitron shown in Fig. 7. 
This tube is 19 inches in diameter and 4 inches high. 
The grid was used to assure fast, reproducible firing and 
to hold higher voltage with a shorter grid-to-anode spac- 
ing. In addition, electrostatic shields were used to help 
hold voltage. 

Inductance as low as 17 x 10 henry was measured 
at 22,000 amperes, with the inductance decreasing as the 
current was increased. The delay has been measured at 
0.250 microscond with a jitter of 0.004 microsecond. 
The results have been promising enough to make it de- 
sirable to continue this work. It is hoped that this can 
be done using ceramics in a smaller size to achieve a 
practical low-inductance tube. 


REFERENCES 


1. Controlled Fusion Research—An Application of the Physics of High 
Temperature Plasmas, R. F. Post. Proceedings, Institute of Radio En- 
gineers, New York, N. Y., vol. 45, 1957, pp. 134-60. 


2. The Time Lag of an Ignitron, N. Warmoltz. Philips Research Re- 
ports, Eindhoven, Netherlands, vol. 6, 1951, p. 388. 


ELECTRICAL ENGINEERING 





Digest of Questions About Unity 


T. M. LINVILLE 
FELLOW AIEE 


HE AIEE has proposed the Functional Plan as a 
step to develop sound organization for the engi- 
neering profession. 

The Sections and Subsections have been asked by the 
Board of Directors to hold open membership meetings 
to discuss the Functional Plan. The objectives are to in- 
form the AIEE membership about the Plan and to test 
it against the reactions and opinions of the membership. 

A Task Force of 53 members, covering all areas of the 
nation, has been set up to assist the Sections and to par- 
ticipate in the meetings if needed. A Manual and other 
materials have been sent to all Sections and Subsections 
for guidance and help. Reports to the Board have been 
requested, 

The questions raised in the meetings held to date, and 
by meeting planners, are presented here in digest form. 
This is essentially the same digest as was distributed by 
mail at the request of many of the Section and Sub- 
section officers. 

WHAT ARE THE “BUILDING BLOCKS” OF UNITY? 

IT GOES ALMOST WITHOUT SAYING that a unity organi- 
zation must be built compatible with the societies that 
already exist. It would be foolhardy in the extreme to 
try to do otherwise. Therefore, the existing societies and 
their council organizations are the building blocks of 
unity. 

The societies now are autonomous, as they have been 
since their establishment. For co-ordinated activities and 
communication with one another, they have formed the 
Engineers Joint Council (EJC) and the Engineers’ Coun- 
cil for Professional Development (ECPD). Each society, 
of course, is formed by individual engineers having a 
branch of engineering as their common interest. Activi- 
ties, services, lectures, discussions, publications, etc., are 
carried on at the national, district, and local section 
levels. 

In addition to the societies in each of the engineering 
branches, another national society, the National Society 
of Professional Engineers (NSPE) gathers together the 
engineers who have as their common interest a legal li- 
cense to practice professional engineering. The purpose 
of legal licensing, established by all of the states and 
territories, is to provide a mechanism by which an engi- 
neer can be authorized to present himself to the public 
as such—an authorization in which the public can have 
confidence. Originally it was civil engineers with whom 
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the public was most concerned, but public interest in all 
branches of engineering has developed more and more 
as time and technical progress has advanced. 

Individual engineers belong to NSPE directly, and 
also to state and county societies of it. On all these levels, 
services, lectures, discussions, publications, and other 
activities focus attention on matters concerning the 
professional practice of engineering its legal status, 
economics, regulation and the public interest in it. The 
membership of NSPE had broadened over the years. 
Electrical and mechanical engineers employed in indus- 
try, for example, have joined it, complementing the 
civil engineers, consulting engineers, and other engi- 
neers in civil employment who constituted so great a 
part of its early membership. 


WHY DO WE WANT UNITY? 

OsviousLy, through EJC, ECPD, and NSPE, we are 
unified to a large extent. You might challenge anyone to 
mention a basic need for unity that is not already in- 
cluded in the charter of one or more of these organiza- 
tions. Why, then, is there a demand for more unity. 

On this question, I presume most engineers feel that 
three organizations are not as satisfactory as a single 
organization in serving the comprehensive needs of the 
engineering profession. For example, from a public re- 
lations point of view, is the engineering profession one 
thing or three? Which of the three, if any, is the real 
“headquarters” of the profession? Why, an interested 
layman might ask, doesn’t the profession have one com- 
prehensive body? 


WHY NOT MERGE EJC, ECPD, AND NSPE? 

UNDOUBTEDLY, to many engineers the obvious way to 
meet the need for a comprehensive body is to create it 
by establishing an organization with EJC, ECPD, and 
NSPE as its three elements. Let us consider some of the 
reasons why this is easier said than done. 

A basic difficulty is that many engineers who can join 
the member societies of EJC and ECPD cannot join 
NSPE because they are not licensed. Obviously, we can- 
not create a unity body with one of its principal ele- 
ments closed to many engineers. Moreover, in order to 
facilitate a merger, it is necessary to define the scope of 
action of each of the elements and to make it impossible 
for the parent body to trespass on the responsibilities 
and functions of any of its members. Unless this is done, 
the bodies cannot work together successfully. NSPE, for 
example, derives its authority from its members, and 
could not accept authority of the parent body with its 
broader membership over its internal affairs and func- 
tions. The same is true of AIEE. But the climate would 
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be different, provided that its purposes and functions 
were not to be trespassed upon. 


WHY NOT MERGE EJC AND ECPD EXCLUDING NSPE? 

THE IEA of merging EJC and ECPD has been pre- 
sented by engineers who recognize that these two bodies 
have largely a common membership. Thus, why not 
merge them? 

The problem here is that this does not answer the 
need for a comprehensive organization, because NSPE 
is left out. Suppose we go ahead without NSPE? The 
hard fact then is that to obtain a comprehensive organi- 
zation, the purposes and functions of NSPE must be 
taken up. To do this means not only competing with 
NSPE but paying the price to compete, which—as meas- 
ured by NSPE’s financial resources—is over a million 
dollars a year! Furthermore, to compete effectively 
would require the equivalent organization structure ac- 
tive at the county and state levels, as well as the na- 
tional level. It would thus seem to be indeed imprudent, 
if not impossible, to attempt to establish a new organi- 
zation paralleling the NSPE. organization. NSPE simply 
cannot be excluded from any scheme to establish a truly 
unified and comprehensive organization. 

However, the question of why we should not merge 
EJC and ECPD persists simply because many view it as a 
step that can be taken. The answer is that since EJC and 
ECPD are each doing their jobs without conflict, noth- 
ing is to be gained by a merger. We had better let well 
enough alone. If the merger should tend to promote 
competition with NSPE, resulting in less unity than we 
now have, we would have taken a step backward. We 
must look for a better alternative. 


WHAT IS THE FUNCTIONAL PLAN? 
IN RESTLESSLY SEARCHING for the better alternative, 
the AIEE in 1956 conceived and proposed the Func- 


tional Plan. This Plan is very simple: it only proposes 
that the purposes and functions that should apply to 
EJC, ECPD, and NSPE, respectively, be clearly defined 
and untangled. It does this by classifying purposes and 


functions pertaining to each of three categories, namely, 
educational, technical, and professional. Educational 
functions are assigned to ECPD, technical to EJC, and 
professional to NSPE. Fortunately, the organizations 
naturally fit these categories, respectively. However, 
overlapping and entanglements that now exist would 
be eliminated and the focus of EJC’s activities, espe- 
cially, would be more sharply established. 


WHAT DIFFERENCE WOULD ADOPTION OF 
THE FUNCTIONAL PLAN MAKE? 

Contrary to the belief of many, adoption of the 
Functional Plan would change things in important 
ways. Although we will still have three organizations to 
serve the comprehensive needs of the profession, and 
they will have the same familiar names, there will be 
differences. For instance, each will play an exclusive 
part and, therefore, can work easily and harmoniously 
with the other two without the confusion of uncertain 
or unaccepted relationships. This is extremely im- 
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portant. Furthermore, it has far-reaching consequences 
for NSPE. 

NSPE will be recognized and looked to by the whole 
profession as a body responsible for meeting compre- 
hensive needs. When this occurs, it becomes appropriate 
(even necessary, from the point of view of many) for 
membership in NSPE to be made available to every 
bona fide engineer. Otherwise NSPE, while strictly acting 
in behalf of its own members, would in practical effect 
be acting for all engineers including those who could 
not be represented in its membership, which would be 
an injustice. The problem here is that many engineers 
are not registered and only registered engineers are ad- 
mitted to NSPE. Of course, membership in NSPE would 
be available to all who wished to join through the pro- 
cedure of becoming registered first. It might be fair 
enough to require that future graduates in engineering 
become registered. But to many persons it would not be 
fair to require that persons established in engineering 
work in responsible capacities become registered only to 
make it possible for them to join NSPE. Therefore, 
NSPE very likely will seek some method to avoid this 
“injustice.” 

I might hasten to repeat what I said earlier, i.e., that 
registration is the mechanism set up by the public to 
identify engineers as “professional engineers.” There- 
fore, registration has to be the basis for membership in 
a professional society that is to be recognized as: such 
by the public. For example, in New York State the 
members of the Legislature have expressed themselves 
freely that on engineering matters of public concern 
they recognize and listen to P.E.’s exclusively. From 
their point of view, they say, there aren’t any other en- 
gineers in whom they feel they can place full confidence. 
It seems appropriate that membership in NSPE for un- 
registered engineers should be considered only with for- 
mal adoption of the Functional Plan by major technical 
societies and then only for graduate engineers of past 
years who occupy positions with important responsibili- 
ties for engineering work. In the course of a short time 
NSPE should return again to a membership of regis- 
tered engineers exclusively. 

Likewise, the major technical societies should con- 
sider establishing a “professional member” grade, re- 
quiring registration among the qualifications for admis- 
sion. The American Society of Civil Engineers (ASCE) 
has already established an equivalent grade. 

Another important change is that it would become 
clear to engineers that there is no escaping the fact that 
the cost of unity, for those who wish to support it, is the 
price of membership in a technical society plus NSPE. 
I believe adoption of the Functional Plan would make 
this clear. 

Finally, the climate for close co-operation and co-ordi- 
nation of EJC, ECPD, and NSPE would be established 
and these groups, working together, could make prog- 
ress faster toward a single comprehensive organization. 
This body would not disturb the specialized, independ- 
ent technical societies with respect to functions serving 
the special interests of their members. 
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WHAT 
INDEPENDENT 


IS THE VALUE OF 
PECHNICAL SOCIETIES- 


THE OBVIOUS REASON for independent technical so- 
cieties is the fact that those who have the most vital in- 
terest in advancing the art and science of electrical engi- 
neering are the “electricals.” Likewise, the “mechani- 
cals’”” in mechanical engineering, the “‘civils’” in civil 
engineering, and so on. It is best that technical responsi- 
bility in each discipline be carried independently. His- 
tory has shown clearly that “splinter” societies have been 
bound to develop wherever there has been sufficient 
focus of separate interest. They would surely redevelop 
if we tried to over-consolidate technical interests. 

Another powerful argument for independent tech- 
nical societies is that the internal revenue laws classify 
any comprehensive professional society with “trade as- 
sociations,’”’ NSPE has such a classification; the techni- 
cal societies are, and always have been, classified as 
“scientific 


, 


and educational associations.” Both groups 
are exempt from income tax but only the latter is ex- 
empt from real estate tax and entitled to receive gifts 
that are tax deductible by the donor. The difference is 
illustrated by the case of the United Engineering Cen- 
ter which is being constructed in New York City. The 
technical societies are raising over 9 million dollars 
through gifts that are tax deductible by the donors only 
because of the classification of the societies. No “trade 
associations” can be housed in the building. If the 
classification of these societies should be changed they 
would be subject to real estate taxes, and it has been 
estimated that as much as a $5 dues increase per mem- 
ber would be needed to pay the extra costs. Raising of 
funds by contributions in the future would be very 
difficult. There is no need for 
truly 


this, as the societies are 
“educational and scientific” organizations. 

In the medical and legal professions, AMA and ABA, 
respectively, are classed with “trade associations,” like 
NSPE, for tax purposes. Both of these professions have 
numerous specialized societies classified as “scientific 
and educational associations” like our technical societies. 
To retain their classification, the technical societies can- 
not be associated in any substantial way with NSPE or 
with the NSPE purposes and functions. However, their 


individual members can through dual memberships. 


Should a majority of individual members establish dual 
memberships, then the membership body of a technical 
society would also be present within NSPE. 


WHAT IS THE AMALGAMATION PROPOSAL? 


AN the 
which has been under discussion in EJC and which has 
been referred to the Boards of the constituent societies, 


ALTERNATIVE PROPOSAL to Functional Plan, 


is known as the “Amalgamation Proposal.” As I under- 
stand it, this calls for the EJC corporation to take over 
ECPD (amalgamation of ECPD and EJC) and then to 
form three divisions of the enlarged corporation; an 
educational division (to be ECPD), a technical division, 
and a professional division. Provided NSPE becomes 
one of the constituent societies of the corporation, it 
NOVEMBER 
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may be delegated the responsibilities in the professional 
division. 

The problem here is that NSPE is to be asked to join 
on the same basis as AIEE and the other societies. But 
when it becomes a member, it is to be responsible for 
the professional division paralleling the educational 
and technical divisions. Thus, we are right back to the 
difficulties already mentioned in regard to the question: 
“Why not merge EJC, ECPD, and NSPE?” Moreover, 
the proposed corporation will surely be considered a 
“trade association” because of the professional division. 
At least two major technical societies have been advised 
by legal counsel that their preferred status would be in 
jeopardy. 

Because of such problems, the Amalgamation Pro- 
posal has not gotten off the ground, and has been, 
frankly, unacceptable to AIEE. It has not been pre- 
sented to NSPE, but one would expect it to be unaccept- 
able here as well. Therefore, it does not appear to be a 
road to unity. 


WHAT ABOUT A CO-ORDINATING COUNCIL 
FORMED BY EJC, NSPE, AND ECPD? 


THE FUNCTIONAL PLAN has been criticized by some as 
not being a unity plan. Actually, it proposes three inde- 
pendent organizations, one each in educational, tech- 
nical, and professional activities. The first two are ex- 
pected to be “educational or scientific” associations and 
the third to be classified with professional groups 
(“trade associations’). Obviously, this does not achieve 
the ultimate goal of a single comprehensive engineering 
association. So it has been suggested that a council 
should be formed with the three bodies as its elements. 

In order to have the parent organization really be a 
single comprehensive professional organization, it 
should be a corporation exercising authority over its 
divisions, directing operations and expenses. 

This proposal is confronted with the same problems 
as have been described for the proposed corporate body 
of the Amalgamation Proposal, i.e., if it is a formal or- 
ganization, it no doubt would be classed as a “trade asso- 
ciation” and so would its constituents. Furthermore, in 
considering acceptance of the proposal, participation by 
NSPE would be blocked by the problems already de- 
scribed. 


HOW THEN DO WE GET OUT OF THIS DILEMMA? 


THERE SEEMS to be frustration at every turn, present- 
ing a real dilemma. But get out of it we must, and a way 
has been suggested that AIEE has stated is acceptable 
and not inconsistent with the Functional Plan. 

This suggestion is for EJC, ECPD, and NSPE to form 
an informal council for co-ordination which will have 
no operating activity and no directing authority over 
its members. Its functions would be, for example, to ex- 
change information, encourage studies (especially for 
further progress toward unity), and arrive at voluntary 
agreements in jurisdictional questions. Its activity would 
be exclusively self-educational. It might have a name, an 
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office address, and a secretary. It would be a consulting Unity comprised of five Presidents (some have become 
body rather than an operating body. recent ex-presidents) of the Founder Societies. Their 
The suggestion would appear to be a good one. discussions have been frustrating too, and they very re- 
cently disbanded. However, they unanimously agreed on 

WHAT ELSE IS GOING ON IN a final proposal to each of the societies, i.e., they propose 

ee eee 8, a aene that the presidents and senior vice-presidents of EJC, 

FOR SEVERAL YEARS, since the proposal of the Func- ECPD, and NSPE meet regularly four times a year for 
tional Plan, there has been a continuing Task Force on discussions. They recommended that each society en- 
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dorse this and implement it through their representa- 
tives to EJC and ECPD. They also sent the proposal to 
the presidents of EJC, ECPD, and NSPE. It seems rea- 
sonable that this suggestion will receive prompt ac- 
ceptance. 

Various other meetings have been held frequently by 
intersociety relations committees of the founder societies 
and NSPE, separately and jointly, giving promise that 
some positive forward action will be taken soon. 

NSPE conducted a survey of its membership opinion 
on the Functional Plan which also afforded substantial 
numbers of members of AIEE, ASME (American So- 
ciety of Mechanical Engineers), and ASCE within NSPE, 
the opportunity to express themselves. The results have 
been published by NSPE and have created wider and 
deeper interest in the Functional Plan, which the survey 
results strongly supported. 

HOW HAS THE FUNCTIONAL PLAN BEEN RECEIVED? 

ASME NSPE the AIEE Func- 
tional Plan in principle. Thus, three major societies are 


AND have endorsed 
favorable to it. ASCE, probably because of independent 
interest in professional matters of vital concern to their 
members—so many of whom are in public or civic prac- 
tice, has been cold towards it. However, the Functional 
Planewould not in any way interfere with this interest. 
AIME (American Institute of Mining, Metallurgical and 
Petroleum Engineers) and AIChE (American Institute 
of Chemical Engineers), because registration is not 
prevalent among their members, and not generally avail- 
able to mining engineers, have recognized problems for 
them with respect to it which need consideration. 


SHOULD ENGINEERS JOIN TWO SOCIETIES? 


THE PROBLEMS encountered in the search for a single 
comprehensive engineering organization suggest the 
possibility of a future time when the majority of full 
members of the technical societies would be members of 
NSPE and, likewise, the majority of NSPE members 
would be members of the technical societies. In such a 
case, then, independence of the technical societies would 
continue and unity would be achieved through the 


gathering together of individual engineers in a profes- 
sional body. 

With respect to this possibility, two important fac- 
tors need to be recognized. First, registered engineers 
can bring this about now, if they choose, by joining 
NSPE in addition to their technical society. Thus, these 
engineers individually can have unity by voluntary in- 
dividual action if they want it. Secondly, nonregistered 
engineers, particularly those in the member-grade in 
the technical societies (or qualified for it) can have this 
unity also if NSPE membership is made available to 
them. If this should be done, then to have or not to 
have unity could be put up to engineers individually 
on a profession-wide basis. In view of the importance 
of registration already mentioned, presumably such a 
grade of membership should be made avatlable only to 
a present group of engineers whose qualifications would 
be clearly defined. 


WHAT CAN BE DONE NOW? 


AIEE MEMBERSHIP OPINION will have an impact on 
the leaders of all societies. Even more importantly, it 
will have an impact on the grass-roots membership 
opinion of other societies, especially if Section meetings 
are held jointly with other societies with open discus- 
sion. Moreover, joint meetings tend to bring more de- 
tailed information to a greater number of members. A 
reflection of informed membership opinion is needed. 

To obtain such opinion, the Board of Directors has 
requested each Section and Subsection to hold a mem- 
bership meeting on Unity, together with other societies 
wherever feasible, and to poll those attending each 
meeting on the questions illustrated on the accompany- 
ing report form. This form shows the information that 
the Directors want reported to Mr. Hibshman. The 
Board asks that the reports to sent to Mr. Hibshman by 
December 31, 1960, if possible, so that a report can be 
prepared for the Board of Directors meeting in Febru- 
ary 1961. The results will be published promptly then 
in Electrical Engineering. 

This is the most important contribution AIEE Sec- 
tion and Subsection Officers and members can make at 
this time, i.e., to hold and attend such meetings, partici- 
pate in discussions, and submit ballots. 





Detectors for Radiation Measurement 


Four radiation detectors, developed by a team of 
nuclear physicists at the Hughes Aircraft Company, 
Culver City, Calif., have been delivered to the U. S. Air 
Force School of Aviation Medicine, Aerospace Medical 
Center, San Antonio, Tex., for an experiment to measure 
the amount of radiation man will meet in space. Pack- 
aged with signal amplification units in small, cigar-size 
cylinders, the detectors will be carried in simulated 
space-crew cabins in high-altitude balloon ascents and 
1960 
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in Atlas intercontinental ballistic missile space flights. 
The main purpose of the experiments will be to meas- 
ure the amount of radiation penetrating the cabins. 

The detector is essentially a thin slice of silicon. When 
struck by charged nuclear particles, it emits pulses which 
are fed to a telemeter system inside the space vehicle by 
the detector package’s amplifier. The telemeter system 
transmits the signals to receiving stations on earth as 
the vehicle moves through space. 
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*WHEN COMPLETED IN 1961, the new United 
Engineering Center will serve over 300,000 so- 
ciety members and students throughout the free 
world in contrast with 16,000 members when 
the old headquarters was built in 1906. The lay- 
out also provides for future expansion. 


No matter how young you may be or where 
you may live, the United Engineering Center will 
bring you a lifetime of benefits. 

The AIEE has 94% of its quota, but we must 
have additional help NOW to complete our 
share—tet’s finish the job! 
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Nominating, Process Has Begun 


for 1961 Election of AITEE Officers 


FOR the nomination of officers to be 
voted upon in the Spring of 1961, the 
AIEE Nominating Committee will meet 
in New York, N. Y., January 30, 1961. The 
officers to be elected are: a President, a 
Treasurer, two Directors-at-Large, seven 
District Vice-Presidents, one from each of 
the even-numbered geographical Districts, 
three Technical Vice-Presidents, and two 
Department Directors. Fellows only are 
eligible for the office of President; Mem- 
bers and Fellows for the offices of Vice- 
Presidents, Directors, and Treasurer: 

To guide this committee in performing 
its constituted task, suggestions from the 
membership are, of course, highly desir- 
able. To be available for consideration 
of the committee, all suggestions must be 
received by the Secretary of the committee 
at Institute headquarters, not later than 
December 15, 1960. 

In accordance with the provisions in the 
Constitution and Bylaws, quoted in the 
following paragraphs, actions relating to 
the organization of the Nominating Com- 
mittee are now under way: 


Constitution and Bylaws 
Pertaining To Elections 


C60.010. Nominating Committee. The Nominat- 
ing Committee is composed of voting members, 
as defined in C20.110, Selected by and repre- 
senting parts of the Institute as follows: 

C60.011. Districts have one representative 
each 

C60.012. Technical Divisions have one repre- 
sentative cach 

C60.013. Board of Directors has representa- 
tives not exceeding the number of the Techni- 
cal Divisions 

C60.014. Secretary. The Executive Secretary 
of the Institute acts as Secretary of the Nomi- 
nating Committee, without vote 


C60.020. Nominations. The Nominating Com- 
mittee meets and nominates candidates for In- 
stitute office according to instructions con- 
tained in the Bylaws. The committee names 
one candidate for each vacancy in the office 
of President, Treasurer, and Directors-at-Large, 
It includes in its slate such candidates for (a) 
Vice-Presidents as have been nominated by the 
Executive Committees of the Districts con- 
cerned, (b) Vice-Presidents as have been nom- 
inated by the Technical Divisions concerned, 
and (c) Directors as have been nominated by 
the Departments concerned. If a District, Di- 
vision, or Department fails to nominate a 
candidate for Vice-President or Director, the 
Nominating Committee nominates a candidate 
from the unit concerned. Additional nomina- 
tions for any office may be made by written 
petition of 25 or more voting members, in 
accordance with rules set forth in the Bylaws. 
For the office of District Vice-President, the 
petitioners must be from the Districts con- 
cerned. 


C60.021 Candidates for any office must hold a 
grade of membership which entitles them to 
serve if elected. 


B60.011 District Members of Nominating Com- 
mittee. Each District has one representative on 
the Nominating Committee. During September 
of each year, the Secretary of the Nominating 
Committee shall notify the Chairman and 
Secretary of the Executive Committee of each 
District that, by December 15 of that year, each 
District should select a representative to serve 
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as a member of the AIEE Nominating Com- 
mittee, and an alternate to serve if the repre- 
sentative is unable to attend the meeting of 
the Nominating Committee. 


B60.012 Technical Division Members of Nomi- 
nating Committee. During September of each 
year, the Secretary of the Nominating Com- 
mittee shall notify the Chairman and Secretary 
of each Technical Division that, by December 
15 of that year, each Technical Division should 
select a representative to serve as a member of 
the AIEE Nominating Committee, and an 
alternate to serve if the representative is unable 
to attend the meeting of the Nominating 
Committee. 


B60.014 Secretary of Nominating Committee is 
as defined in C60.014. 


B60-020 Procedure for Nominations, The Secre- 
tary of the Nominating Committee shall give 
the members not less than 10 days’ notice of 
the first meeting of the Committee, which shall 
be held not later than February 15. At this 
meeting, the Committee shall elect a Chairman 
and shall proceed to make up a ticket of 
Nominees for the offices to be filled at the 
next election. 


During September of each year, the Secretary 
of the Nominating Committce shall notify the 
following groups that nominations, as desig- 
nated, should be received by the Secretary of 
the Nominating Committee by December 15th 
of that year. 


a. The Chairman and Secretary of the Execu- 
tive Committee of each District, in which there 
will be during the year a vacancy in the office 
of District Vice-President, a nomination for a 
District Vice-President, made by the District 
Executive Committee; 

b. The Chairman and Secretary of each 
Technical Division, in which there will be 
during the year a vacancy in the office of 
Technical Vice-President, a nomination for a 
Technical Vice-President, made by the Tech- 
nical Division Committee 

c. The Chairman and Secretary of each De- 
partment, in which there will be during the 
year a vacancy in the office of Department Di- 
rector, a nomination for Department Director 
made by the Department. 


B60.022 Independent Nominations. Additional 
nominations for any office may be made in 
accordance with C60.020. Petitions, proposing 
the names of candidates as independent nomi- 
nations for the various offices to filled at the 
ensuing election, in accordance with C20.020, 
shall be received by the Executive Secretary not 
later than March 15 of each year. These nomi- 
nations shall be included on the ballot if such 
candidates are eligible. 


B60.030 Ballots. On or before April 15 of each 
year, the Executive Secretary shall mail to all 
qualified voters an official ballot on which are 
to be listed all eligible candidates, nominated 
as provided in C60.020. The candidates of the 
Nominating Committee shall be appropriately 
designated as such. Any nominee may, prior to 
the printing of the ballots, withdraw his name 
by written request to the Executive Secretary, 
whereupon that fact shall be suitably indicated 
upon the ballot. 

In the event of no contest for any office, the 
slate of the Nominating Committee, in the 
form of a ballot, and having a reference to 
the biographies of the candidates in Electrical 
Engineering, shall be mailed to the voting 
members. 


B60.031 Methods for Balloting. The voting for 
each office shall be restricted to the nominees 
for that office as printed on the ballot. When 
there is a contest for any office, the ballot shall 
be accompanied by an envelope on which shall 
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be printed the title of the Institute, the name 
and address of the Executive Secretary, and 
the words, “Official Voting Envelope—Enclos- 
ing a Ballot Only.’ The names of the nominees 
shall be written, printed, or otherwise marked 
on a single ticket or ballot, which shall be 
enclosed in a sealed unmarked, and unidenti- 
fied inner envelope of any suitable character, 
which shall in turn be enclosed either in the 
“Official Voting Envelope” (received from the 
Executive Secretary), or any other envelope, 
marked on its face, “Non-Official Voting 
Envelope—Enclosing a Ballot Only.” The outer 
envelope of either class shall be identified by 
the name of the sender, shall be sealed, and in 
order to be counted, shall reach the Executive 
Secretary not later than the first day of June. 


B60.040 Tellers Committee Appointment. The 
President, during the month of May, shall 
appoint, subject to the approval of the Board 
of Directors, a Tellers Committee. This Com- 
mittee shall be selected from voting members 
Members of the Board of Directors, members 
of the Nominating Committee or their alter- 
nates, or any nominee appearing on the ballot, 
or petitioners of a nominee, are ineligible to 
act as tellers. Other appointees as tellers are 
authorized by written petition delivered to the 
Executive Secretary on or before the first day 
of May. A minimum of 20 signatures of voting 
members is required. A petitioner is eligible 
to sign only one petition. Each signer shall 
have the qualifications of a teller. 


B60.041 Tellers Committee Report. The Tel- 
lers Committee shall meet at the office of 
the Institute as soon after the first day of 
June as possible and prepare an Election Re- 
port; one copy filed with the Executive Secre- 
tary, the other copy with the Chairman of the 
Tellers Committee and kept sealed until pre- 
sented to the presiding officer of the ensuing 
Annual Meeting. In the absence of the Chair- 
man of the Committee, the Executive Secretary 
will present his copy to the Election Report. 
The Tellers’ Election Report shall give the 
sum total of the ballots received, and shall 
designate this total as a vote for the entire 
slate of officers where there are no alternative 
candidates. Only in the case of a contest shall 
an individual count be made. The presiding 
officer at the Annual Meeting shall cause the 
report to be read, and shall declare those 
duly elected in accordance with the results of 
the vote as presented in the report 


(Signed) N. S. Hibshman 
Executive Secretary 





Symposium Proceedings 
Are Available for Shipment 


Once again, Proceedings of all six 
National Symposia on Reliability 
and Quality Control are in stock for 
prompt shipment. 

Within the last year, stocks of 
four of these—Ist, 2nd, 3rd, and 
5th—were depleted. These four have 
now been reprinted and are in 
stock for the filling of orders. 

Orders for desired volumes, at $5 
net each volume postpaid, should 
be sent to the Editorial Department, 
Institute of Radio Engineers, | E. 
79th St., New York 21, N. Y. 

AIEE is one of four constituent 
organizations which sponsor the 
symposium. 











Nominees Sought 


for Five AIEE Awards 


THE Recognition Awards Committee of the AIEE is 
seeking nominees for five AIEE awards, in the fields of: 


Electrical Engineering Education 
Transmission and Distribution 
Telecommunication 

Electrical Measurement 
Electronics 


These awards will be made October 15-20, 1961, at the 
Fall General Meeting in Detroit, Mich. 


The MEDAL IN ELECTRICAL ENGINEERING EDUCATION provided for 
by the Members-for-Life Fund Committee will be given to a teacher 
of electrical engineering selected for his excellence in teaching and 
his ability to inspire students to higher achievements; for his contri- 
butiens to the teaching of electrical engineering through text books 
and by writings on engineering education; for his active participation 
in the work of the professional and educational societies; and for his 
contributions to teaching and the profession through research, engi- 
neering achievements, and technical papers. 

The award consists of a cash stipend of $500, a bronze medal, 
and a suitably engraved certificate. 


All members of the Institute are eligible to submit 
nominees. Such nominations are to be made on a form 
which may be procured from the Secretary of the 
Recognition Awards Committee, at AIEE Headquar- 
ters, 33 W. 39th St., New York 18, N. Y. Each form 
should be accompanied by supporting letters from 
others who are familiar with the accomplishments and 
qualifications of the nominee. These forms and letters 
are due at Headquarters not later than April 1, 1961. 

Descriptions of the five awards follow. 


All previous nominations received in connection with the award of 
this medal must be renominated by letter to Institute Headquarters. 
Supplementary information on these past nominees may, of course, 
be forwarded with the renomination for attachment to the present file. 


Awards of the medal have been as follows: 


1956—F. E. Terman 
1957—W. L. Everitt 
1958—J. F. Calvert 
1959—G. S$. Brown 
1960—Ernst Weber 





The WILLIAM MARTIN HABIRSHAW AWARD established by the Phelps 
Dodge Foundation will be made annually to an individual or group 
of individuals who have made an outstanding contribution to the field 
of Electrical Transmission and Distribution. 

Mr. Habirshaw was a chemist who pioneered in the first a-c high- 
voltage underground cables used in America. He designed the 11,000- 
volt underground cable system of the Cataract Power & Conduit Com- 
pany which was installed at Buffalo, N. Y., in 1898 and 1899, and 
gave very satisfactory service for many years. Mr. Habirshaw was 
one of the founders of the American Chemical Society. 
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The award consists of a cash stipend of $500, a bronze medal, 
and a suitably engraved certificate. In the event that the recipient is 
@ group of individuals, the stipend shall be equally divided among 
the members of the group and a medal and a certificate provided for 
each. 


Awards of the medal have been as follows: 


1959—W. A. Del Mar 
1960—S. B. Crary 
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The MERVIN J. KELLY AWARD established by the Bell Telephone Lab- 
oratories, Inc., will be presented annually in the field of Telecom- 
munication. 

The award consists of a cash stipend of $1,000, a bronze medal, 
and a suitably engraved certificate. In the event that the recipient 


is @ group of individuals, a separate award may be made to each 
of them in a single year provided that the Institute shall withhold 
making the award for a number of immediately ensuing years equal 
to the awards in excess of one so made in a single year. 

The first award was made to Dr. Mervin J. Kelly in 1960. 
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The MORRIS E. LEEDS AWARD established by the Leeds & Northrup 
Foundation will be presented annually to an individual or group of 
individuals who have benefited the arts and sciences by making an 
outstanding contribution to the field of Electrical Measurement, with 
special consideration given to the value of contributions made before 
the candidate has reached his 36th birthday. 

The award consists of $500 and a suitably engraved certificate. 
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In the event that the recipient is a group of individuals, the stipend 
shall be equally divided g the bers of the group, and a 
certificate provided for each. 





Awards of the medal have been as follows: 


1959—H. B. Brooks 
1960—P. A. Border 





The DAVID SARNOFF AWARD established by the Radio Corporation 
of America will be given annually in the field of Electronics. 

The award consists of a 14-carat gold medal, a bronze replica, 
and a suitably engraved certificate. Preference is given to achieve- 
ment by a single individual, but if in the opinion of the Institute's 
Committee the award should be conferred upon a group of individuals 
who have functioned as a team, the award may be conferred upon 
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such individuals up to three in ber. Each ber of such a team 
will receive a gold medal, a bronze replica, and a certificate. 





Awards of the medal have been as follows: 


1959—David Sarnoff 
1960—Rudolf Kompfner 
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ATEE-IRE-ISA Electrical Tech- 
niques in Medicine and Biology 
Conference* 

Sheraton Park Hotel 

Washington, D. C. 

October 31—November 2, 1960 


Western Appliance Technical 
Conference* 

Biltmore Hotel 

Los Angeles, Calif. 
November 7, 1960 


Power Industry Computer Applica- 
tion Conference* 

Chase Hotel 

St. Louis, Mo. 

November 9-11, 1960 


Fall Textile Conference* 
Sir Walter Hotel 
Raleigh, N. C. 

November 10-11, 1960 


AIEE-AIP Magnetism and Mag- 
netic Materials Conference* 

Hotel New Yorker 

New York, N. Y. 

November 14-17, 1960 


AIEE-NEMA Application of Elec- 
trical Insulation Conference* 
Conrad Hilton Hotel 

Chicago, Il. 

December 5-8, 1960 


AIEE-IRE-ACM Eastern Joint 
Computer Conference* 

Hotel New Yorker 

New York, N. Y. 

December 11-14, 1960 


AIEE-IRE-ASQC-EIA Reliability & 
Quality Control Conference 
Bellevue-Stratford Hotel 

January 9-11, 1961 

(Final date for +TP—closed, tCP 
Syn.—closed, CPMs—Nov. 4 


Winter General Meeting 

Hotel Statler 

New York, N. Y. 

January 29-February 3, 1961 

(Final date for +TP—closed, tCP 
Syn.—Nov. 10, CPMs—Nov. 25) 


AIEE-IRE-U of P International 
Solid-State Circuits Conference 
University of Pennsylvania 
Philadelphia, Pa. 

February 15-17, 1961 

(Final date for +TP—Nov. 17, ¢CP 
Syn.—Dec. 2, CPMs—Dec. 12) 


AIEE-IAS-IRE-U of P Engineering 
Aspects of Magnetohydrodynamics 
Symposium 

University of Pennsylvania 
Philadelphia, Pa. 

March 9-10, 1961 


AIEE Future Meetings 


South East District Meeting 

Jung Hotel 

New Orleans, La. 

April 5-7, 1961 

(Final date for +TP—Jan. 5, CPMs 
—Jan. 30) 


Rubber and Plastics Industries 
Conference 

Sheraton Hotel 

Akron, Ohio 

April 10-11, 1961 

(Final date for +TP—Jan. 10, t{CP 
Syn.—Jan. 24, CPMs—Feb. 3) 


Materials Handling Conference 
Pick-Congress Hotel 

Chicago, Il. 

April 11-12, 1961 

(Final date for +TP—Jan. 11, {CP 
Syn.—Jan. 26, CPMs—Feb. 6) 


Electric Heating Conference 
Sheraton-Lincoln Hotel 
Indianapolis, Ind. 

April 11-12, 1961 

(Final date for +T7P—Jan. 11, 
Syn.—Jan. 26, CPMs—Feb. 6) 


Cement Industry Conference 
Sheraton-Cadillac Hotel 
Detroit, Mich. 

April 18-20, 1961 

(Final date for +TP—Jan. 18, 
Syn.—Feb, 2, CPMs—Feb. 13) 


Great Lakes District Meeting 
Hotel Pick-Nicolett 

Minneapolis, Minn. 

April 19-21, 1961 

(Final date for +TP—Jan. 19, CPMs 
—Feb. 13) 


Rural Electrification Conference 
Kentucky Hotel 

Louisville, Ky. 

May 1-2, 1961 

(Final date for +TP—Jan. 31, tCP 
Syn.—Feb. 15, CPMs—Feb. 24) 


ATEE-IRE-EIA-WCEMA Electronic 
Components Conference 

Jack Tar Hotel 

San Francisco, Calif. 

May 2-4, 1961 

(Final date for +TP—Feb. 2, +CP 
Syn.—Feb. 16, CPMs—Feb. 26) 


AITEE-IRE-ACM Western Joint 
Computer Conference 

Ambassador Hotel 

Los Angeles, Calif. 

May 9-11, 1961 

(Final date for +TP—Feb. 8, tCP 
Syn.—Feb. 23, CPMs—Mar. 6) 


North Eastern District Meeting 
Statler Hotel 
Hartford, Conn. 


May 17-19, 1961 
(Final date for +TP—Feb. 16, CPMs 
—Mar. 13) 


AIEE-IRE Globe-Communication V 
Conference 

Chicago, Il. 

May 22-24, 1961 

(Final date for +TP—Feb. 21, 
Syn.—Mar. 8, CPMs—Mar. 17) 


Fractional Horsepower Motors 
Conference 

Biltmore Hotel 

Dayton, Ohio 

May 23, 1961 

(Final date for +TP—Feb. 22, 
Syn.—Mar. 9, CPMs—Mar. 20) 


Summer General Meeting 
Cornell University 

Ithaca, N. Y. 

June 18-23, 1961 

(Final date for +TP—Mar. 20, 
Syn. Mar. 30, CPMs—Apr. 14) 


Aero-Space Transportation 
Conference 

Benjamin Franklin Hotel 
Philadelphia, Pa. 

June 26-30, 1961 

(Final date for +TP—Mar. 2 
Syn.—Apr. 12, CPMs—Apr. 2 


Pacific General Meeting 

Hotel Utah 

Salt Lake City, Utah 

August 23-25, 1961 

(Final date for +TP—May 25, ~CP 
Syn.—June 5, CPMs—June 19) 


AIEE-ASME Engineering Manage- 
ment Conference 

Hotel Roosevelt 

New York, N. Y. 

September 14-15, 1961 

(Final date for +TP—June 16, {CP 
Syn.—June 30, CPMs—July 11) 


Petroleum Industry Conference 
Jung Hotel 

New Orleans, La. 

September 17-20, 1961 

(Final date for +TP—June 19, {CP 
Syn.—July 5, CPMs—July 14) 


Fall General Meeting 
Statler-Hilton Hotel 

Detroit, Mich. 

October 15-20, 1961 

(Final date for +TP—June 14, tCP 
Syn.—July 27, CPMs—Aug. 11) 


*Final date for submitting papers— 
closed 


+TP—Transactions Paper 

tCP Syn.—Conference Synopsis 
CPMs—Conference Manuscript 
DPMs—District Manuscript 

(District Paper Synopses should be di- 
rected to the District Meeting Com- 
mittee) 


Transactions and conference papers must conform to the requirements in Author’s Guide. 
For a copy, write to E. C. Day, 33 W. 39th St., New York 18, N. Y. 
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Fortescue Fellowship Applicants 
Must File ATEE Forms by January 15 


FUNDS have been made available for one 
or more Charles LeGeyt Fortescue Fellow- 
ship for 1961-62. The amount of the 
award has been fixed at $2,500. The 
awards are made to postgraduate students 
in the field of electrical engineering who 
have received their baccalaureate degrees 
from duly recognized technical schools in 
the United States or Canada. 

Candidates for the Charles LeGeyt 
Fortescue Fellowship should file applica- 
tions on the form provided by AIEE so 
that they may reach the chairman of the 
Fellowship Committee by January 15, 1961. 
Awards will be made not later than March 
1, 1961. Copies of the application forms 
are available at accredited colleges or by 
writing to Mrs. A. L. Landres, secretary 
of the Professional Development and Rec- 
ognition Department, American Institute 
of Electrical Engineers, 33 W. 39th St., 
New York 18, N. Y. 

The Charles LeGeyt Fortescue Fellow- 
ship, sponsored by AIEE, was es*> lished 
in 1939 as a memorial to Charles Fortescue 


in recognition of his valuable contribution 
to the electric power industry. To this 
end, the Westinghouse Electric Corpora- 
tion, with which Dr. Fortescue was asso- 
ciated throughout his professional career, 
set up a trust fund of $25,000 to provide 
graduate fellowships in electrical engineer- 
ing. 

The successful candidates are selected 
by the AIEE committee which administers 
the fund. 

It is intended that candidates shall pur- 
sue their studies at accredited engineering 
schools and engage in research problems 
which meet the approval of the Fellow- 
ship Committee. To be eligible, the stu- 
dent must have received a bachelor’s de- 
gree from an accredited college by the 
time his work under the fellowship would 
begin, provided he does not hold or sub- 
sequently receive any other fellowship 
which carries a stipend greater than the 
tuition required by the institution at 
which the graduate work is to be under- 
taken. 





Engineering Aspects of MHD 
Will Be Discussed at Symposium 


The 2nd Symposium on Engineering 
Aspects of Magnetohydrodynamics (MHD) 
will be held at the University of Penn- 
sylvania, Philadelphia, Pa., on March 9-10, 
1961. This meeting is sponsored by AIEF, 
the Institute of the Aeronautical Sciences, 
the Institute of Radio Engineers. The 
program is concerned with plasmas in 
the presence of magnetic field and, in 
particular, with the engineering aspects 
of this subject. 

The primary purpose of the meeting 
is to exchange information among more 
or less related disciplines on the assump- 
tion that the participants will have some 
degree in competence in one or more 
broad areas. It is hoped that the meeting 
will be small enough so that extensive dis- 
cussions may be permitted. Each session 
will have both invited and contributed 
papers. Authors of papers will assume 
audience familiarity with the field and 
concentrate on what is new, original, and 
novel in their particular contribution. 

Four nonconcurrent sessions are planned 
covering (1) Communications and Diag- 
nostics, (2) Flight Applications. (3) Fusion, 
and (4) Power Conversion. It is intended 
that the Communications and Diagnostics 
Session deal with the transmission and 
receiving of information or energy from 
plasmas under various conditions; that 
the Flight Applications Session deal with 
the propulsion or control of aerodynamic 
or space vehicles by MHD interaction be- 
tween the vehicle and its environment; 
that the Fusion Session deal with the ex- 
traction of energy through controlled ther- 
monuclear fusion of light“nuclei; and the 
Power Conversion Session. deal with the 
direct extraction of electric energy from 
hot flowing plasmas or conducting liquids. 
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Papers are desired for each of these 
sessions. Abstracts should be submitted to 
the appropriate session chairmen by No- 
vember 25, as follows: 

Communication and Diagnostics—C. B. 
Wharton, Lawrence Radiation Labora- 
tory, Livermore, Calif. 

Flight Applications—Dr. G. S. Janes, 
Avco Research Laboratories, Everett, Mass. 

Fusion—Dr. C. W. Little, Atomic Energy 
Division, Allis-Chalmers Manufacturing 
Company, Milwaukee 1, Wis. 

Power Conversion—Dr. G. W. Sutton, 
General Electric Company, Missile and 
Space Vehicle Department, Philadelphia 
y. Me OF 

The response to a questionnaire dis- 
tributed after the first MHD Symposium 
indicated an overwhelming desire that 
authors’ papers be available at the meet- 


ing. Acceding to this demand, the com- 
mittee strongly encourages submission of a 
reproducible copy of each author's paper 
by February 1, 1961. These will be re- 
produced for distribution at the meeting. 

In order to have a record of the sym- 
posium available in the technical litera- 
ture, arrangements are being made to de- 
vote one issue of the AIEE Transactions 
to this use. Special consideration will be 
given to symposium papers which authors 
wish to have published in this issue, and 
the committee urges all authors to sub- 
mit papers for this consideration. 


GLOBECOM V Sponsors 
Issue Call for Technical Papers 


The 5th National Symposium = on 
Global Communications, to be known 
as GLOBECOM V, will be held May 
22-24, 1961, at the Hotel Sherman, Chi- 
cago, Ill. The conference will be spon- 
sored by the AIEE and the Professional 
Group on Communications Systems of 
the Institute of Radio Engineers (IRE). 

Technical papers emphasizing the sys- 
tems aspects of communications technol- 
ogy and related problems are being so- 
licited. Some of the areas of interest 
include: 

1. Transmission Systems—active and 
passive satellites, cables, forward scatter, 
microwave relay, and long haul trunks. 

2. Techniques and Problems—digital 
data handling, propagation, modulation, 
multiplexing, and interference. 

3. Systems Aspects—planning, econom- 
ics, switching, trunking, and frequencies. 

Abstracts of approximately 250 words, 
with a brief professional record of the 
author, should be submitted in duplicate 
by November 30 to: D. C. Campbell, 
Technical Program Committee, I.T.T.— 
Kellogg, 5959 S. Harlem Ave., Chicago 
38, Ill. 

At the symposium, oral presentation 
should require about 20 minutes, and 
10 minutes will be allocated for discus- 
sion. Due to the broad scope of subject 
matter, groups of authors are invited to 
submit related abstracts. The Technical 





on or before November 25. 


60-181 


T. L. Hatcher, E. L. Busby 
60-525 





Conference Papers Open for Discussion 


Conference papers listed below have been accepted by AIEE Transactions 
and are now open for written discussion until November 25. Duplicate double- 
spaced typewritten copies of each discussion should be sent to E. C. Day, Assist- 
ant Secretary for Technical Papers, AIEE, 33 W. 39th St., New York 18, N. Y., 


Digital Calculation of 3-Phase Short Circuits by Matrix Method. 
H. E. Brown, C. E. Person, L. K. Kirchmayer, G. W. Stagg 


Thermal Relationships in an Induction Motor under Normal and 
Abnormal Operation. W. J. Martiny, R. M. McCoy, H. B. Margolis 


Practical Applications of Digital Computers to Distribution Systems. 


Design of Transformer Vault Buses. R. O. Randle 


Preprints may be purchased at 50¢ each to members, $1.00 to nonmembers, 
if accompanied by remittance or coupons. Please order by number and send 
remittance to: AIEE Order Department, 33 W. 39th St., New York 18, N. Y. 
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Program Committee will endeavor to 
schedule all such parts, or make special 
provisions for a _ single presentation, 
should the material be of particular 
merit. 

An abbreviated convention record will 
be prepared for use at the symposium. 
Authors will be encouraged to submit 
their full-length papers for later publi- 
cation in the Transactions of the IRE 
Professional Group on Communications 
Systems, or the AIEE bimonthly Com- 
munications and Electronics. 

Daily, newspaper headlines herald our 
progress in communications technology, 
especially on the satellite programs. The 
military and commercial implications of 
these and other more prosaic develop- 
ments are being publicized widely. 
GLOBECOM V will afford an opportu- 
nity for recognition to the technical side 
of these advances, with the latest details 
provided by the final authorities, the 
authors. 


Eta Kappa Nu Names Jury 
To Select Outstanding Engineer 


Eta Kappa Nu, national electrical engi- 
neering honor society, has named seven 
nationally prominent engineering execu- 
tives to comprise the Jury of Award to 
select the Outstanding Young Electrical 
Engineer of 1960 and Honorable Men- 
tions. 

For the 24 consecutive years since 1936, 
Eta Kappa Nu has honored the outstand- 
ing young electrical engineer in the coun- 
try. Among those selected in the past were 
C. G. Suits, J. E. Hobson, Cledo Brunetti, 
R. W. Porter, and R. P. Crago. 

Nominations are received from engi- 
neering schools, professional societies, in- 
dustry, and individuals. To be eligible for 
the award, a eandidate must be less than 
10 years from his B.S. degree date and he 
must not have reached his 35th birthday 
by May | of the year in which he is being 
considered. The award is based not only 
on his professional engineering record but 
also on civic and national contributions, 
cultural and aesthetic achievements, as 
well as all other activities in which the 
candidate participates creatively as a 
hobby or in serving his fellow man. 

The jury will review the top-ranking 
dossiers previously selected by an Award 
Organization Committee after an inten- 
sive prescreening review of all eligible 
nominees’ records. 

This year’s jury comprises the follow- 
ing: W. R. Clark, assistant chief engineer, 
Leeds & Northrup Company, treasurer 
and director of AIEE; J. H. Craig, na- 
tional vice-president of Eta Kappa Nu; 
E. I. Green, executive vice-president of 
Bell Telephone Laboratories, Inc., direc- 
tor of AIEE; J. C. McPherson, vice-presi- 
dent of International Business Machines 
Corporation; A. Naeter, national president 
of Eta Kappa Nu; R. G. Slauer, sales man- 
ager, Sylvania Electric Products, president 
of the Illuminating Engineering Society; 
and B. R. Teare, dean of Carnegie 
Institute of Technology, immediate past 
president of the American Society for 
Engineering Education. 
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800 Engineers and Scientists Attend 


Standards and Measurements Conference 


MORE than 800 scientists and engineers 
from industry, universities, and Govern- 
ment participated in a Conference on 
Standards and Electronic Measurements, 
held June 22-24 at the Boulder (Colo.) 
Laboratories of the National Bureau of 
Standards (NBS). Sponsored by the AIEE, 
Institute of Radio Engineers, and the 
NBS, the 3-day meeting provided an op- 
portunity for the exchange of information 
and ideas concerning the most recent de- 
velopments in the field of electronics and 
measurements. 

The technical program, under the chair- 
manship of Dr. G. E. Schafer of the Bu- 
reau’s Boulder Laboratories, presented 40 
papers during 6 technical sessions. These 
included: “Current and Future Problems 
in Standards and Electronic Measure- 
ments”; “Frequency and Time Standards”; 
“Methods of Measurement for Materials’; 
“Microwave Standards and Calibrations”; 
“Direct-Current and Low-Frequency Stand- 
ards and Calibrations”; and “High-Fre- 
quency Standards and _ Calibrations.” 
Among the more important and interest- 
ing topics covered were standards and 
measurement techniques for electrical 
quantities at frequencies ranging from 
direct current through the microwave 
region, the most pressing current prob- 
lems in establishing universally accepted 
consistent standards, and a_ considered 
speculative look at the most probable 
causes of difficulty in the future in making 
standards and electronic measurements. 


Emphasis Placed on Accuracy 


Advances in the field of standards and 
measurements, since the first such con- 
ference in Boulder in August 1958, have 
served to emphasize the need for constant 
effort to improve accuracy in electronic 
measurements and standards. In addition 
to the continuing problems in large-scale 
precision production of electronic equip- 
ment, instruments, and systems—including 
major parts of aircraft control, rocketry, 
and missile guidance—the advent of space 
vehicles has brought to the fore the need 
for highly specialized electronic systems 
whether the vehicle be manned or un- 
manned. For satisfactory operation, the 
separate components of these different 
systems must be chosen particularly for 
their function and constructed and evalu- 
ated according to accurate reference stand- 
ards. Very slight deviations from electronic 
specifications may result in complete fail- 
ure of a missile or other device. 

In the past 2 years, tremendous strides 
have been made in developing and apply- 
ing industry-wide standards, but the elec- 
tronic industry keeps expanding so rap- 
idly that it has been impossible for 
research in electronic standards to keep 
pace. Furthermore, interchange of infor- 
mation has lagged behind the acquisition 
of such information, with resulting dif- 
ferences between reference standards de- 
veloped by one organization and those of 
another. Uncertainties and variations in 
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electric standards and radio materials have 
resulted in electronic units being built 
and used without precise knowledge as to 
how well they will operate or how long 
they will last. 

The critical importance of common 
standards, adopted by all, was emphasized 
by the technical sessions of the conference. 
Large attendance, lengthy private discus- 
sions, and the exchange of questions and 
answers between platform and floor made 
it clear that both industry and government 
are aware of the urgent need for univer- 
sally accepted, consistent measurement 
standards in the electronic field on a still 
more advanced level than ever before. 


Systematic Approach Needed 


Dr. F. W. Brown, director of the Boul- 
der Laboratories, opened the conference. 
He was introduced by Conference Chair- 
man I. G. Easton of General Radio Com- 
pany. In his opening address, Dr. Brown 
discussed the importance of standards and 
measurement techniques to electronics 
and emphasized the need for a systematic 
approach to the wide range of standards 
and measurements problems associated 
with the field. 

The participants also heard a talk by 
Dr. B. M. Oliver of Hewlett-Packard Com- 
pany at the conference luncheon on June 
23. Dr. Oliver reviewed the role of quan- 
titative measurement in the development 
of the sciences. He stressed the importance 
of precise measurement in exploring sec- 
ond-order effects that might not be re- 
vealed by less precise experimentation, 
and the co-operation of science and tech- 
nology to provide the precision instru- 
ments needed for further research. He 
also pointed out that in many Cases, sci- 
ence can be over-precise, resulting in un- 
necessary complexity and expense, where 
less precision could still provide adequate 
performance of equipment. 


Technical Papers Sought 
For Joint Computer Conference 


Technical papers at the 1961 Western 
Joint Computer Conference will be pre- 
sented in the areas of systems, applica- 
tions, and circuitry for both digital and 
analog computers, C. T. Leondes, pro- 
gram chairman for the annual conference, 
has announced. 

Calling for papers from technical and 
academic personnel, Mr. Leondes cited the 
conference’s theme, “Extending Man’s In- 
tellect,” to emphasize the role that com- 
puters have played in scientific, technical, 
and business advances in recent years. 

Mr. Leondes expects papers in a wide 
range of subjects, including medical uses 
of computers, automatic programming, 
pattern recognition, automation theory, 
language data processing, thin film mem- 
ory devices, cryogenic devices, large-scale 
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computer systems, neural models, and 
solid-state devices and circuits. 

Detailed summaries of papers should be 
submitted by December 15, 1960, to C. T. 
Leondes, associate professor of engineer- 
ing, Department of Engineering, Univer- 
sity of California, Los Angeles 24, Calif. 

The conference has been slated for May 
9-11, 1961, at the Ambassador Hotel in 
Los Angeles. 


Tentative Program Given 
for Western Appliance Conference 


The AIEE Western Appliance Techni- 
cal Conference will be held November 7 
at the Biltmore Hotel, Los Angeles, Calif. 

A tentative program for this confer- 
ence follows: 


9:30 a.m. Morning Session 


The Role of the Product Service Department 
in Product Design. H. R. Clark, Waste King 
Corp. 

The Relationship of Product Reliability to the 
Product's Market, Speaker to be selected 


Corporate Aspects of Product Warranties. Her- 
bert Leo, Utility Appliance Corp. 


Direct Spark Ignition for Gas Appliances. Paul 
Neess, Controls Corporation of America 
Designing Iwo Appliances in One. (Gas and 
Electric Laundry Appliances) Raymond Good- 
man, Whirlpool Corp. 


12:00 a.m. General Luncheon 


Speaker: Henry Dreyfuss will talk on “An In- 
dustrial Designer Looks at Appliances.” 


2:00 p.m. Afternoon Session 


Present and Future Application of Semicon- 
ductor Devices in the Appliance Industry. R. 
P. Abraham, Texas Instruments Inc 

Shock Hazard Testing. K. S. Geiges, Under- 
writers’ Laboratories, Inc. 

A Picture of National Utilization Voltages and 
Effects on Appliance Design. Speaker to be 
selected 


Application of Shaded Pole and Permanent 
Fixed Capacitor Motors to Direct Driven Blow- 
ers. John Smaxwell, General Electric Co. 


7:30 p.m. Evening Session 


Panel discussion on “What We Expect from an 
Appliance” by prominent authorities in various 
fields 

Speakers will represent: Home Equipment edi- 
tor of magazine, consumer publication, utilities 
(electric and gas), home puilder, listing and 
approval agencies (Underwriters’ Laboratories 
and American Gas Association), and user 


Each speaker is to have a maximum of 10 
minutes for his formal presentation, and a 
question and discussion period will follow after 
all panel participants have spoken. 


Magnetism Conference 
Scheduled for November 14-17 


The 6th Annual Conference on Mag- 
netism and Magnetic Materials, sponsored 
by the AIEE and the American Institute 
of Physics, will be held at the Hotel New 
Yorker, New York City, from November 
14 to 17. As in the past, this conference is 
expected to attract more than 1,000 engi- 
neers, physicists, chemists, and metallur- 
gists from all parts of the world to discuss 
fundamental and applied research in the 
field. About 160 technical papers, cover- 
ing all phases of magnetism, are included 
in the program. Ten invited papers will be 
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read by outstanding scientists from the 
United States, Japan, Holland, France, 
and England. 

Among the topics to be discussed are 
the formation of thin films of magnetic 
materials and their application as mem- 
ory units for computers, the study of mag- 
netic resonance phenomena, magnetic or- 
dering in helical spin systems, and the 
properties of magnets made of particles of 
extremely small size. 

On the evening of November 16, the 
annual banquet of the conference will be 
addressed by Dr. T. K. Glennan, head of 
the National Aeronautics and Space Ad- 
ministration, who will discuss some of 
the problems in the successful operation 
of space systems. 

A regular feature of this conference is 
the exhibit of new equipment, materials, 
and books. To date, 20 exhibitors have 
leased 28 exhibition booths. 

Those interested in attending should 
write to Dr. L. R. Bickford, Jr., IBM Re- 
search Center, P. O. Box 218, Yorktown 
Heights, N. Y. 


Dunstan Hall Is Dedicated 
in Presentation to University 


Housing the departmental offices of 
electrical engineering and several of its 
laboratories, Dunstan Hall at Auburn 
University, Auburn, Ala., was dedicated 
October 14. Dunstan Hall is the first unit 
to be completed of a large expansion of 
the physical plant at Auburn University. 

This new facility was named Dunstan 
Hall in memory of Arthur St. Charles 
Dunstan, head of the department of elec- 
trical engineering at Alabama Polytechnic 
Institute during 1899-1951. Prof. Dunstan’s 
electroscope, which he used to detect 


radium, led to the recovery of more than 
$75,000 worth of radium that had been 
lost or mislaid. 

P. S. Haley, vice-chairman of the Board 
of Trustees at Auburn University, pre- 
sided at the dedication ceremonies and 
made the presentation of Dunstan Hall. 
Dr. R. B. Draughon, president of the 
university, accepted the new structure. 
Addresses were made at the dedication 
ceremonies by C. B. McManus, chairman 
of the board of the Southern Company, 
and Dr. B. S. Gilmer, president of the 
Southern Bell Telephone and Telegraph 
Company. The dedicatory prayer was 
given by the Rev. F. S. Persons, Mont- 
gomery. 

Dunstan Hall was open for inspection 
immediately following the dedication 
ceremonies. 

A 3-story reinforced concrete frame 
building with masonry fill-in, the Hall 
provides classrooms, laboratories, and 
offices for the rapidly growing student 
body and enlarging faculty. During the 
1950's, the number of engineering stu- 
dents more than doubled—to 3,233 in 
1957-8. The new building houses offices 
and laboratories of the Departments of 
Electrical Engineering and _ Industrial 
Management, the Department of Foreign 
Languages, the new Department of Phi- 
losophy, and a part of the Department of 
Economics and Business Administration. 

The structure is of simple, standard 
classroom design which lends itself to 
economical construction and_ variable 
uses. It is the first completely air-con- 
ditioned building constructed on the 
Auburn University campus. Construction 
was started in March 1959 and completed 
for occupancy in December. Located on 
Duncan Street, immediately west of the 
three shop buildings, it is conveniently 
near both the engineering group of build- 
ings and the center of the campus. 





Advanced to AIEE Fellow Grade 


RECEIVING his Fellow 
certificate from A. J. 
Hornfeck (left), Cleve- 
land Section chairman, 
is C. F. Paulus (right), 
general supervising en- 
gineer, Plant Engineer- 
ing Section, Cleveland 
Electric Illuminating 
Company. The presen- 
tation took place at a 
Section meeting. 
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Board of Directors Meeting, September 20, 1960 


Clifford Charles Diemond (AM °37, M °45), 
substation maintenance supervisor, Bonne- 
ville Power Administration (BPA), Port- 
land, Oreg., has been transferred to the 
grade of Fellow in the AIEE “. . . for 
contributions to power system protection.” 
Mr. Diemond was born August 9, 1914, in 
Pasco, Wash., and received the B.S. degree 
in electrical engineering in 1935 from the 
University of Washington. After gradua- 
tion, he joined the U. S. Bureau of Recla- 
mation Columbia Basin Project where he 
worked as a civil engineer. In 1939, he 
transferred to the Bonneville Power Ad- 
ministration where he served successively 
in substation design, relay maintenance, 
and substation maintenance. His work 
with Bonneville has included equipment 
control design, relay maintenance and per- 
formance analysis, and electrical equip- 
ment maintenance. He was responsible for 
the development of many of the proce- 
dures used on the BPA system for relay 
settings, system fault tests of circuit 
breakers and relays, high-voltage insula- 
tion maintenance, and equipment per- 
formance and maintenance work measure- 
ment systems. Mr. Diemond is a member 
of the National Society of Professional 
Engineers and the Professional Engineers 
of Oregon. He is a registered professional 
engineer in the State of Oregon. He has 
served as chairman of the Portland Sec- 
tion, AIEE (1959-60). 


Edward A. Erdélyi (M °46), professor of 
electrical engineering, University of Dela- 
ware, Newark, Del., has been transferred 
to the grade of Fellow in the AIEE “. 

for contributions to the theory of noise in 
electric machinery.” Dr. Erdélyi was born 
July 13, 1908, in Hlohovec, Czechoslovakia. 
He received his first degree from the Czech 
Technical University in Brno in 1926 and 
his Dipl. Ing. degree from the German 
Technical University in Brno in 1929. 
His Ph.D. degree in electrical engineering 
was awarded by the University of Michi- 
gan in 1955. Early in his career, he was 
employed by the Meas and Elektron en- 
gineering companies in Brno, at first on 
the design of electrical rotating machinery 
and later on the planning of power sys- 
tems. In 1939, Mr. Erdélyi became chief- 
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engineer of the EFI, S. A., in Evreux, 
France. He was associated with the staff 
of the Directorate of Scientific Research 
and Technical Development, Royal Air- 
craft Establishment, in Farnborough, Eng- 
land, in 1940. In 1947, he joined the 
Newark College of Engineering, and in 
1950 was appointed assistant professor of 
electrical engineering at Washington Uni- 
versity in St. Louis, Mo. Two years later, 
he was employed by Syracuse University 
as professor of electrical engineering. In 
1956, Dr. Erdélyi joined the Advance En- 
gineering Laboratory of the General Elec- 
tric Company in Erie, Pa., as a senior 
analytical engineer. In 1959, he was ap- 
pointed to the H. Rodney Sharp Chair of 
Electrical Engineering in the University 
of Delaware. Dr. Erdélyi is a registered 
professional engineer in the State of New 
York and a member of the American So- 
ciety of Mechanical Engineers, the Institu- 
tion of Electrical Engineers in England, 
the Franklin’ Institute, the American 
Association of University Professors, the 
American Society for Engineering Educa- 
tion, Eta Kappa Nu, and Sigma Xi. 


G. Everett Farmer (AM °46, M °50), chief 
of the Communication and Design Branch 
of the Tennessee Valley Authority (TVA), 
Chattanooga, Tenn., has been transferred 
to the grade of Fellow in the AIEE 
Oe for contributions to the develop- 
ment of a comprehensive communication 
system for a large power system.” He was 
born November 7, 1898, in Cambridge, 
Mass., and received the B.S. degree in elec- 
trical engineering in 1922 from the Massa- 
chusetts Institute of Technology. For 2 
years, he worked as a field engineer for 
the Pacific Telephone and Telegraph 
Company in Los Angeles, Calif. During 
1924-31, he was employed by the Southern 
California Edison Company as a super- 
visor of communication design. In 1931- 
38, he was an electrical and communica- 
tions engineer with the Metropolitan 
Water District of Southern California at 
the Colorado River Aqueduct. In 1938, he 
joined the TVA in Chattanooga as assist- 
ant to the head of the Communication 
Section of the Power Engineering and De- 
sign Branch. In 1950, this section was 
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raised to full branch status and Mr. 
Farmer was made chief. The TVA system 
for which he is now responsible consists of 
more than 66,000 circuit miles of tele- 
phone, teletypewriter, pilot relaying, tele- 
metering, facsimile, supervisory control, 
telautograph, and data-transmission equip- 
ment. He is a member of the Tennessee 
Society of Professional Engineers and of 
the Chattanooga Engineers Club. Mr. 
Farmer has served on the following AIEE 
Committees: Power System Communica- 
tions (1950-60, chairman 1958-60), Substa- 
tions (1957-60), and Power Division (1958- 
60) 


Samuel Farrell Henderson (M '46), mana- 
ger, a-c motor development engineering, 
motor engineering department, Westing- 
house Electric Corporation, Buffalo, N. Y., 
has been transferred to the grade of Fel- 
low in the AIEE “. . . for contributions 
to the improvement of induction motors.” 
Born November 16, 1904, in Chicago, HL, 
he graduated from the Illinois Institute of 
Technology in 1926 with the B.S. degree 
in electrical engineering. He joined the 
Westinghouse Electric Corporation, East 
Pittsburgh, Pa., in 1926 as a graduate 
student, and after courses in the engineer- 
ing and design schools became an a-c 
motor design engineer. Mr. Henderson has 
worked on the design and development of 
totally enclosed fan-cooled and explosion- 
proof motors used widely in the auto- 
motive, chemical, petroleum, and _ steel 
industries. Designs of many types of spe- 
cial motors for applications such as the 
Queens Midtown Tunnel ventilating fan 
drives and steel mills in runout tables 
and coilers were made, put into produc- 
tion, and successfully operated. In_ his 
present position, he has supervised the 
design and development of new and ma- 
jor lines of a-c motors. Mr. Henderson 
has the responsibility for design direction 
of new lines of motors valued at approxi- 
mately $20 million a year. He is a mem- 
ber of Eta Kappa Nu, and has served on 
the AIEE Rotating Machinery Commit- 
tee (1951-60). 


S. W. Herwald (AM ‘46, M °49), vice- 
president, research, Westinghouse Electric 
Corporation, Pittsburgh, Pa., has been 
transferred to the grade of Fellow in the 
AIEE “. .. for contributions to the theory 
and development of servomechanisms.” 
Born January 17, 1917, in Cleveland, Ohio 
he received the B.S. degree in 1938 from 
the Case School of Applied Science and 
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the M.S. degree in 1940 from the Univer- 
sity of Pittsburgh, both in mechanical 
engineering. During 1939-47, he was an 
engineer in the Central Engineering De- 
partment of Westinghouse Electric Corpo- 
ration in East Pittsburgh, where the main 
effort was devoted to ordnance develop 
ment with special emphasis placed on 
servomechanism development. In 1947, he 
was advanced to section manager, Special 
Products Development Division, at West- 
inghouse, engaged in ordnance develop- 
ment. Mr. Herwald became engineering 
manager of this division in 1951, and 
engineering manager, Air Arm Division 
of Westinghouse in Baltimore, Md., in 
1952. Four years later, he was promoted 
to manager of the Air Arm Division, and 
in 1959, took his post as vice-president, 
research, for Westinghouse. He is a Fellow 
of the Institute of Radio Engineers, a 
member of the American Society of 
Mechanical Engineers, chairman of the 
Airborne Electronics Section of the Ameri- 
can Ordnance Association, and a member 
of the U. S. Air Force Scientific Advisory 
Board. He is a member of Sigma Xi and 
a registered professional engineer in the 
State of Pennsylvania. Mr. Herwald has 
served on the following AIEE Committees: 
Feedback Control Systems (1949-60, chair 
man 1950-52); Industry Division (1950-52); 
Research (1959-60); and Basic Sciences 
(1959-60). 


Marcus Henry Lovelady (AM °30, M °50), 
vice-president and chief engineer, Central 
Power and Light Company, Corpus 
Christi, Texas, has been transferred to 
the grade of Fellow in the AIEE “.. . for 
contributions to the Southwest 
Pool Interconnected System and to engi- 
neering and management of an expand- 
ing power system.” Mr. Lovelady was 
born September 26, 1903, in Tyler, Texas. 
He started with the Texas Power and 
Light Company in 1923 as a draftsman 
and was soon assigned the job of design 
of relay and control scheme for substa- 
tions and transmission lines. In 1926, he 
went to work for the Central Power and 
Light Company, San Antonio, Texas, as 
a transmission and substation design en- 
gineer, and in 1938 was transferred to the 
Central Power and Light Company home 
office in Corpus Christi, Texas. During 
World War II, Mr. Lovelady was the com- 
pany representative on the Southwest Op- 
erating and Interconnected Systems Com- 
mittee. He was instrumental early in 1942 
in organizing the South Texas Intercon- 
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nected Systems power pool and has since 
been active in guiding its operation. Mr. 
Lovelady was appointed assistant chief 
engineer of the Central Power and Light 
Company in 1945 and chief engineer in 
1952. He was elected vice-president in 
1954 and a director in 1955. He is a regis- 
tered professional engineer in the State 
of Texas. Mr. Lovelady has served on the 
following AIEE Committees: Protective 
Devices (1936-37), System Engineering 
(1947-57), and Industrial Power Systems 
(1951-52). 


Frank Joseph Maginniss (AM °43, M '48), 
manager of special studies and digital 
analysis engineering in the Electric Util- 
ity Analytical Engineering Operation, 
General Electric Company, Schenectady, 
N. Y., has been transferred to the grade 
of Fellow in the AIEE “. . . for contribu- 
tions to the application of digital com- 
puters in solution of engineering 
problems.” He was born May 6, 1909, in 
Rutherford, N. J. Since 1941, he has been 
employed at the General Electric Com- 
pany, Schenectady, N. Y. During 1941-51, 
he was an application engineer in central 
station engineering, assigned to the appli- 
cation of mechanical differential analyzer 
and digital computers to the solution of a 
variety of engineering problems. In 1951, 
he became manager of special investiga- 
tions, analytical engineering, responsible 
for directing the activities of engineers 
and programmers in the solution of prob- 
lems which involved mostly solution by 
digital computer. Mr. Maginniss was as- 
signed this present post in 1958. Mr. Ma 
ginniss is a licensed engineer in New 
York State and is a member of the Insti- 
tute of Radio Engineers and of the Asso- 
ciation for Computing Machinery. He 
has served on the AIEE Computing De- 
vices Committee (1950-60, chairman 
1953-55) and Science and Electronics Di- 
vision Committee (1953-58). 


Thomas Edwin Marburger (AM '38, M 
42), vice-president—engineering and con- 
struction, Baltimore Gas and _ Electric 
Company, Baltimore, Md., has been trans- 
ferred to the grade of Fellow in the AIEE 
“. .. for contributions to the management 
of construction, operation, and engineer- 
ing of a major electric utility system.” 
Mr. Marburger was born January 28, 1901, 
at Point Patience, Calvert County, Md. 
He was graduated in 1943 with the B.S. 
degree in electrical engineering from 
Johns Hopkins University. In 1922, he 
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was employed by the Consolidated Gas, 
Electric Light, and Power Company of 
Baltimore, which became the Baltimore 
Gas and Electric Company in 1955, and 
was assigned to the electrical engineering 
and test departments as a student appren- 
tice and testman. During 1923-41, Mr. 
Marburger held the positions of inspec- 
tor, assistant to the superintendent, and 
superintendent, successively, in the elec- 
tric construction department. He was as- 
signed as engineer in electric production 
in 1941-44 and operating assistant to gen- 
eral superintendent—electric in 1944-51. 
He was on leave of absence in May-No- 
vember 1951 when he served with the 
Defense Electric Power Administration in 
Washington, D. C., as director of the Ma- 
terials and Equipment Division for the 
electric utility industry. In 1957, Mr. 
Marburger was appointed general super- 
intendent, and in 1960, vice-president— 
engineering and construction, with full 
executive responsibility for electrical engi- 
neering and construction. He is a regis- 
tered professional engineer in the State 
of Maryland, and holds memberships in 
the American Society of Mechanical Engi- 
neers, the Engineers Club of Baltimore, 
the Maryland Academy of Science, and 
the American Meteorological Society. He 
is a director for Atomic Power Develop- 
ment Associates. 


John Burns McClure (AM ’29, M °47), 
manager, power generation engineering, 
electric utility systems engineering, Gen- 
eral Electric Company, Schenectady, N. Y., 
has been transferred to the grade of Fel- 
low in the AIEE “. . . for contributions in 
the field of electric utility generating sta- 
tions and power transmission systems.” 
He was born December 6, 1900, in Thames- 
ford, Ont., Canada. In 1923, he received 
the B.S. degree from Queen’s University, 
and in 1927, the M.S. degree from the 
Massachusetts Institute of Technology, 
both in electrical engineering. Mr. Mc- 
Clure joined General Electric in 1923, and 
participated in the test course and the 
advanced course in engineering. Following 
an assignment in steam turbine design, he 
transferred to Central Station Engineering 
in 1927, where his work involved investi- 
gation of lightning surges on transmission 
lines, early applications of automatic fre- 
quency control, and power system stability 
analysis of the Hoover Dam—Los Angeles 
287.5-kv transmission lines and associated 
hydro-generators. His work included de- 
sign of auxiliary power systems and excita- 
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tion systems for steam-electric stations, 
the application of large turbine generators 
to modern power systems, and design of 


the electric system for the floating power 
plants in 1942. He was made manager of 
power generation engineering in 1947, 
which involved power generation eco- 
nomics and equipment characteristics for 
hydro plants, gas turbine plants, steam- 
electric generating plants, and nuclear 
plants. Mr. McClure is a member of the 
American Society of Mechanical Engineers, 
the National Society of Professional Engi- 
neers, and a registered professional engi- 
neer of the State of New York. He has 
served on the following AIEE Committees: 
Power Generation (1946-56, chairman 1953- 
55), liaison representative on Standards 
(1951-54); and Power Division (1953-55). 


Frederick Meredith Porter (AM °36, M 
45), consulting electrical engineer, Amer- 
ican Electric Power Service Corporation, 
New York, N. Y., has been transferred to 
the grade of Fellow in the AIEE “.. . for 
contributions to hydrogen cooling of syn- 
chronous generators, 
excitation systems and high voltage trans- 
mission.” Mr. Porter was born December 
23, 1895, in York, Pa., and graduated from 
Lehigh University in 1920 with the B.S. 
degree’ in engineering. He 
worked a year each with the Westing- 
house Electric Corporation and the Penn- 
sylvania Power and Light Company on 
electrical construction, and the following 
4 years served as assistant electrical engi- 
neer and electrical engineer for the Penn- 
sylvania Edison Company, Easton, Pa., on 
electrical construction and operation. In 
1926, he joined the American Gas and 
Electric Company in New York as a sen- 
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ior electrical engineer. In 1945, he became 
head of the Station and Equipment Sec- 
tion. During 1954-58, he was chief elec- 
trical engineer in charge of supervising 
the work of the Electrical Engineering 
Division. Since 1959, he has been consult- 
ing engineer for the American Electric 
Power Service Corporation. He is a regis- 
tered professional engineer in the State 
of New York and has served on the AIEE 
Rotating Machinery Committee (1953-60). 


Billy R. Shepard (AM ’41, M '48), manager 
of the Computer Engineering Operation 
of the ordnance department of the Gen- 
eral Electric Company in Pittsfield, Mass., 
has been transferred to the grade of Fellow 
in the AIEE “. . . for contributions to 
guidance systems and associated com- 
puters.” Born April 10, 1918, in Denver, 
Colo., he was educated at the University 
of Colorado from which he received the 
B.S. degree in electrical engineering in 
1940. Mr. Shepard joined General Electric 
in Schenectady, N. Y., in 1940, and up to 
1955, worked on the development of high- 
frequency sonar equipment and _ special 
measuring and control equipment in the 
General Engineering Laboratory. During 
1948-55, he was supervisor of the Electro 
Mechanical Product Development Unit of 
the laboratory, in which the products 
ranged from special vibration and shock 
equipment to automatic generation allo- 
cation and load-frequency control equip- 
ment for power systems. In 1955, he joined 
the missile and ordnance systems depart- 
ment as manager of the Electronic Con- 
trol Components Operation, where he 
worked on guidance and control equip- 
ment for Sargent, Atlas, and Polaris mis- 
siie systems. In 1957, he became manager 
of the Computer Engineering Operation 
of the ordnance department in Pittsfield, 
concerned with the development of guid- 
ance and fire control computing and data- 
handling equipment for the Polaris mis- 
sile system. He is a senior member of the 
Institute of Radio Engineers, a member of 
the National Society of Professional En- 
gineers, and a registered professional en- 
gineer in the State of New York. 


Henry Whitfield Smith (M '29), execu- 
tive vice-president and director, Interna- 
tional Power and Engineering Consult- 
ants, Ltd., Vancouver, B.C., Canada, has 
been transferred to the zrade of Fellow 
in the AIEE for contributions to 
development of a large electric power sys- 
tem.” He was born January 6, 1902, in 
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Reading, England. Mr. Smith joined the 
staff of the Toronto Hydro-Electric Sys- 
tem as an electrical station designer in 
1922, and served this utility for 23 years. 
He was in responsible charge of all station 
electrical design for the last 9 years. In 
1945, he joined the British Columbia Elec- 
tric Company, Ltd., in Vancouver as pro- 
tections engineer and stations design en- 
gineer, and 2 years later was advanced to 
assistant chief engineer, Electrical Divi- 
sion. He was appointed assistant general 
manager, British Columbia Engineering 
Company, Ltd., in 1957, and a year later 
to the position of general manager. In 
1960, this company was merged to form 
the International Power and Engineering 
Consultants Ltd., and at that time, Mr. 
Smith assumed his present position. He 
has had major responsibilities in connec- 
tion with the planning and engineering 
of the principal electric, transportation, 
and gas facilities which have been con- 
structed for British Columbia Electric 
Company, Ltd., during the last 15 years. 
These have included the world’s longest 
138,000-volt submarine cable installation 
across the Straits of Georgia, the conti- 
nent’s highest voltage transmission system 
from Vancouver to Shalalth, and an ex- 
tensive underground cable installation. He 
is a member of the AIEE Transmission 
and Distribution Committee (1956-59). 


Louis Nelson Stone (AM ‘40, M °50), head 
of the electrical engineering department, 
Oregon State College, Corvallis, Oreg., 
has been transferred to the grade of Fel- 
low in the AIEE “. . . for contributions 
to undergraduate and graduate electrical 
engineering education and to research in 
the area of high-voltage phenomena.” 
Prof. Stone was born June 18, 1914, in 
Wasco, Oreg., and received the B.S. de- 
gree in electrical engineering in 1939 from 
Oregon State College. Following gradu- 
ation, he was employed by the Caterpillar 
Tractor Company, Peoria, Ill., in the engi- 
neering orientation program and as an 
electrical engineer. During 1942-46, he 
was associated with the Submarine Signal 
Company, Boston, Mass., as field engineer, 
West Coast supervisor. and design engi- 
neer. In 1946, he was employed as an 
electrical engineer with the Marine Divi- 
sion of Kirsten, Seattle, Wash. Since 1947, 
he has been at Oregon State College as 
assistant professor of electrical engineer- 
ing, associate professor of electrical engi- 
neering, and professor and head of electri- 
cal engineering, successively. He is in 





L. N. Stone 


ELECTRICAL ENGINEERING 





charge of high-voltage and plasma research 
in the electrical engineering department. 
He is a registered professional engineer in 
the State of Oregon, and a member of the 
Institute of Radio Engineers, the Associa- 
tion for Computing Machinery, the Amer- 
ican Society for Engineering Education, 
the Professional Engineers of Oregon, the 
National Society of Professional Engi- 
neers, Eta Kappa Nu, Pi Mu Epsilon, 
Sigma Tau, and Sigma Xi. He has served 
on the following AIEE Committees: In- 
struments and Measurements (1950-52), 
Student Branches (1951-60), Education 
(1955-60), Recording and Controlling In- 
struments (1956-60), and Research (1959- 
60). 


Francis Ottly Wollaston (AM '27, M °43), 
consultant to International Power and 
Enginecring Consultants, Ltd., Vancouver, 
B.C., Canada, has been transferred to the 
grade of Fellow in the AIEE “. . . for 
contributions to design of transmission at 
extra high voltages; overhead, under- 
ground and underwater.” Mr. Wollaston 
was born March 26, 1903, in Victoria, B.C., 
Canada. He received the B.S. degree in 
electrical engineering in 1925 and the elec- 
trical engineering degree in 1931, both 
from the University of Washington. Mr. 
Wollaston began his career in 1925 with 
the Commonwealth Edison Company, Chi- 
cago, Ill., where he was employed succes- 
sively as a field engineer, design engineer, 
engineer of the Equipment and Research 
Section, and supervising engineer. In 1943, 
he returned to his native province to be- 
come superintendent, transmission and 
distribution department, British Columbia 
Electric Company Ltd. In 1950, he was 
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promoted to superintendent, engineering 
design department, where he was in 
charge of station electrical design, trans- 
mission and distribution design, civil 
engineering and mechanical engineering 
sections. Four years later, he was made su- 
perintendent, electrical design department, 
for the British Columbia Engineering 
Company, an affiliate of the British Co- 
lumbia Electric Company. Mr. Wollaston 
was promoted to chief of the electrical 
engineering department in 1956, and is 
presently consultant to _ International 
Power and Engineering Consultants, a 
new company, occupied with design proj- 
ects. He is past co-ordinating chairman of 
the Transmission and Distribution Section 
of the Canadian Electrical Association and 
a member of Tau Beta Pi. Mr. Wollaston 
has served on the AIEE Standards Com- 
mittee (1959-60) and Transmission and 
Distribution Committee (1959-60). 


AIEE PERSONALITIES 


T. J. Allen (AM ’50) has been appointed 
chief engineer—electrical of S. W. Brown, 
Consulting Engineers, New York, N. Y. 
Mr. Allen was formerly with Voorhees, 
Walker, Smith, Smith, and Haines. 


A. A. Baechle (AM °'57) has been ap 
pointed a staff engineer of the National 
Industrial Service Association, Inc. Mr. 
Baechle had been employed as an appli- 
cation engineer by the Allis-Chalmers 
Manufacturing Company, Norwood, Ohio. 
He joined the association’s St. Louis, Mo., 
headquarters staff on September 1. 


W. H. Boyce (M °47) has been appointed 
a new executive vice-president in charge 
of the Industries Division of the Royal 
Electric Manufacturing Company, Chi- 
cago, Ill. Mr. Boyce came to Royal from 
the Delta-Star Electric Division. 


B. W. Bryan (AM °52) is now employed 
as a sales engineer for the Arthur Wag- 
ner Company of Chicago, Ill. 


R. A. Conover (AM '53). an engineer with 
the Public Service Electric and Gas Com- 
pany, Newark, N. J., since 1948, has been 
appointed an assistant professor of me- 
chanical engineering at Lafayette College. 
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J. M. Constable (M ‘44) has been ap- 
pointed division manager of the Instru- 
ment and Research Division, Nuclear Cor- 
poration of America. Mr. Constable was 
recently with the Electronic Products 
Company. 


E. V. Diercks (AM °51) has been ap- 
pointed sales application engineer of the 
Fisher-Pierce Company, South Braintree, 
Mass. 


E. E. Farrell (AM °55) has been promoted 
to the position of regional sales manager 
of Motorola Semiconductor Products Inc. 
He will supervise Motorola product sales 
throughout the western region of the 
United States, with headquarters in Hol- 
lywood, Calif. Previously, Mr. Farrell was 
manager of district sales for Motorola in 
the South Central area of California. 


R. J. Jeffries (AM °46), president of Data- 
Control Systems, Inc., Danbury, Conn., has 
been appointed a member of an ad hoc 
committee established by the Division of 
Engineering and Industrial Research of 
the National Academy of Sciences—Natio- 
nal Research Council to prepare an analy- 
sis of the role of patents in research. Other 
members of the committee are: H. A. 
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Leedy (M °46), Armor Research Founda- 
tion; T. M. Linville (AM '27, F °47), re- 
search operations manager of General 
Electric’s Research Laboratory, Schenec- 
tady. Dr. Jeffries has served on the AIEE 
Recording and Controlling Instruments 
Committee (1956-60). Mr. Linville has been 
an AIEE director (1953-57), and has served 
on the following AIEE Committees: Edu- 
cation (1947-49, 1958-60, chairman 1958- 
59); Finance (1954-57, chairman 1956-57); 
Research (1957-60); Engineers Council for 
Professional Development (1958-61); and 
Planning and Co-ordination (1959-60). 


R. R. Jenner (AM '39, M °48) has joined 
Mechanical Products, Inc., at Jackson, 
Mich., as vice-president, sales and engi- 
neering. Mr. Jenner was previously direc- 
tor of airborne projects for Micro Switch, 
a division of Minneapolis-Honeywell of 
Freeport, Ill. 


F. L. Kahn (M ’42), director of the teie- 
phone switching systems development de- 
partment of Automatic Electric Labora- 
tories, Northlake, Ill., has been presented 
with Automatic Electric’s highest honor, 
the Talbot G. Martin Award. The annual 
award was made by the Strowger Auto- 
matic employee clubs in recognition of 
his “outstanding contribution to the art 
and science of communications.” 


Chester Kirka (AM ’51, M ’58) has been 
promoted to chief engineer of the X-Ray 
Tube Section of the Machlett Laborato- 
ries, Inc. He had been responsible for 
Machlett X-ray and electron tube sales and 
applications engineering activities through- 
out the Eastern states. In his new post, Mr. 
Kirka is responsible for the research, de- 
velopment, and product engineering of 
Machlett’s line of X-ray tubes. He has served 
on the AIEE Electrical Techniques in 
Medicine and Biology Committee (1956-60). 


Edwin Langhenry (AM ’51), formerly mid- 
western regional sales manager of Erico 
Products, Inc., Cleveland, Ohio, has been 
appointed national sales manager for three 
Erico divisions—Cadweld Electrical Con- 
nection, Caddy Arc Welding Accessory, 
and Caddy Toggle Clamp. 


Reuben Lee (AM ’53, M °54), consulting 
engineer at the Westinghouse Electric 
Corporation’s Electronics Division, has 
been given the company’s highest award 
in recognition of notable technical ac- 
complishments including the development 
of the first radar pulse transformer. 


L. J. Linde (AM ’39, F ’51) has been 
named director of engineering services, 
Allis‘Chalmers Manufacturing Company, 
Milwaukee, Wis. Mr. Linde was made 
responsible for the formation of a tech- 
nology group, which includes certain of 
the company’s engineering laboratories, 
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Named “Engineer of the Year’ 


9 


Dan Owen 


NEW YORK’S “engineer of the year’’ award for 1960 was recently presented to (left) G. B. 
Warren (M '58), a General Electric Company vice-president and consulting engineer for the Tur- 
bine Division, Schenectady. Presentation of a plaque was made by Victor Hall (right) of Syra- 
cuse, president of the state's Society of Professional Engineers at the society's Fall meeting in 
Watertown. The society recognized Mr. Warren for his pioneering and engineering leadership 
in gas, steam, and marine propulsion turbines and aircraft jet engines. 





the engineering analysis section, and the 
engineering standards section. In 1957, he 
assumed the position of manager, C Stel- 
larator Associates, a special group of Allis- 
Chalmers and Radio Corporation of 
America engineers and scientists engaged 
in fusion research at Princeton Univer- 
sity. Mr. Linde has served on the AIEE 
Nucleonics Committee (1959-60). 


A. F. Lopez (M °50), has been appointed 
head of the newly created Intelligence 
Systems department of HRB-Singer, Inc., 
a unit of Singer Military Products Divi- 
sion of the Singer Manufacturing Com- 
pany. Mr. Lopez joined HRB-Singer in 
1952 and was formerly section manager. 


E. L. Lotz (AM °38, M '44) has been ap- 
pointed to the newly created position of 
vice-president in charge of research and 
development of Hess, Goldsmith & Com- 
pany, Inc. Dr. Lotz was formerly Hess, 
Goldsmith research director and general 
manager of Glass Fabrics Finishing Com- 
pany, Cedar Grove, N. J., a division. He 
will continue to make his headquarters at 
Cedar Grove. 


W. M. Lyford (AM ’54), area representa- 
tive of Daystrom, Inc., in the northeastern 
United States, has been named systems 
engineering co-ordinator. 


T. A. Lyon (AM ’53) has been named 


general manager of Vacuum Ceramics, 
Inc., Cary, Ill. Mr. Lyon was formerly 
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vice-president in charge of operations for 
DuBois Engineering and Manufacturing 
Corporation, Hammond, Ind. 


R. W. MacKay (AM ’54) has been named 
chief engineer for generators, a principle 
product of the Electric Autolite Company, 
Toledo, Ohio. He joined Autolite in 1952. 


D. D. Mallory (AM °31, M °45) has been 
named manager of product operations for 
the Components Division of Hughes Air- 
craft Company. Mr. Mallory will be re- 
sponsible for the production of para- 
metric amplifiers and microwave compo- 
nents developed by the division’s electro- 
physics laboratory. He has been with 
Hughes since 1957 in various engineering 
and development positions. 


T. H. Mansfield (AM ’50) has been ap- 
pointed chief engineer of Servomecha- 
nisms Inc., El Segundo, Calif. Mr. Mans- 
field was formerly manager of the guid- 
ance controls department at Hughes Air- 
craft Company. 


T. E. Marburger (AM °38, M ‘°42), vice- 
president, engineering and construction, 
Baltimore Gas and Electric Company, 
Baltimore, Md., has been elected a mem- 
ber of the board of directors of the Atomic 
Power Development Associates, Inc. 


J. W. Margosian (AM '44), formerly in 


charge of the systems program for Polarad 
Electronics Corporation, New York, N. Y., 
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has been named vice-president for engi- 
neering of Microwave Dynamics Corpora- 
tion, Plainview, N. Y., a subsidiary of 
Talley Industries, Inc., Cheshire, Conn. 


D. R. Maure (AM °50) has been appointed 
director of engineering for ‘Telemetrics, 
Inc. 


D. T. McRuer (AM '49, M ’57), president 
of Systems Technology, Inc., will receive 
the Louis E. Levy Medal from the Frank- 
lin Institute for the paper, “The Human 
Operator as a Servo System Element,” 
which appeared in the Journal of the 
Franklin Institute this year. The paper 
was written jointly with E. S. Krendel, 
head of the Engineering Psychology Branch 
of the Franklin Institute Laboratories, 
who will also be awarded the Louis E. 
Levy Medal. 


A. G. Mellor (AM °37, M ’52) has been 
named project engineer for General Elec- 
tric’s newly formed power plant engineer- 
ing operation. Mr. Mellor had been senior 
application engineer in the Power Genera- 
tion Engineering Unit of General Electric’s 
Electric Utility Engineering Section. He 
has served on the AIEE Power Generation 
Committee (1956-60). 


G. J. Murphy (AM '50) has been promoted 
to full professor and chairman of the 
electrical engineering department of the 
Technological Institute at Northwestern 
University. At Northwestern since 1957, 
Dr. Murphy had been associate professor. 


N. B. Nichols (M '51), vice-president and 
chief engineer, Taylor Instrument Com- 
panies, Rochester, N. Y., was named a 
Fellow of the Instrument Society of 
America for “contributions to the science 
of pneumatic and electronic instrumenta- 
tion.” J. J. McDonald (AM °49) was named 
vice-president, industries department, for 
the vear 1960-61. Mr. McDonald is vice- 
president and director of engineering, 
Consolidated Systems Corporation, Mon- 
rovia, Calif. Mr. Nichols has served on 
the following AIEE Committees: Feedback 
Control Systems (1955-60) and Recording 
and Controlling Instrumentation (1959- 
60). 


F. H. Nolke (AM '54) recently joined 
Page Communications Engineers, Inc., as 
assistant director of the telecommunica- 
tion directorate. Mr. Nolke came to Page, 
a subsidiary of Northrop Corporation, 
from the General Telephone and Elec- 
tronics Corporation where he was chief 
engineer for the Midwest operating group. 


R. H. Olson (AM '52) has joined the 
Hughes Aircraft Company's Communica- 
tions Division in Culver City, Calif., as 
director of engineering laboratories. Mr. 
Olson previously was general manager of 
the Chicago, Ill., Military Products Center 
of Motorola, Inc. 


J. J. Orr (AM ’30), has been named direc- 
tor of engineering, United States Rubber 
Company. Mr. Orr joined the rubber com- 
pany as an electrical engineer in New York 
in 1931, and in 1956 became assistant di- 
rector of engineering. He served on the 
following AIEE Committees: Industrial 
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Power Applications (1938-47, chairman 
1940-43); Industry Division (1947-51, chair- 
man 1948-50); and Award of Institute 
Prizes (1948-52, chairman 1950-52). 


E. B. Paxton (AM ’22, F 
Life), retired consultant for industry 
standards, General Electric Company, 
Schenectady, N. Y., has been presented 
with a citation from AIEE President C. H. 
Linder on Mr. Paxton’s retirement from 
the AIEE Standards Committee after 29 
years of continuous service on the com- 
mittee, with 2 years as its chairman. Mr. 
Paxton served during 1931-60, chairman 
1950-52. In his reply, addressed to J. H. 
Foote, former AIEE president, Mr. Paxton 
stated: “I am deeply appreciative of the 
thoughtfulness of you and members of the 
Standards Committee for this token of 
regard. The work of the Standards Com- 
mittee and the pleasant associations I have 
had with the many fine men who have 
been fellow members over the years have 
been of much satisfaction to me. Receipt 
of the citation is a culminating pleasure 
and I cherish it greatly.” 


"54, Member for 


David Sarnoff (M ’23, F "51, Member for 
Life), chairman of the board of the Radio 
Corporation of America, has been 
awarded one of the first annual Eastman 
Achievement Awards presented by the 
Eastman School of New York City in 
recognition of his outstanding contribu 
tion to the progress of the electronics 
industry as well as to the progress and 
economy of this country. 


E. E. Schmidt (AM ‘45) of Springfield, 
Ill., formerly substation engineer for the 
Central Illinois Public Service Company, 
has been assigned as electrical engineer. 


R. G. Slauer (AM ‘41, M °48), manager of 
engineering for Sylvania Electric Products 
Inc., Wheeling, W. Va., has been elected 
president of the Iluminating Engineering 
Society, New York, N. Y. He is presently 
completing a 2-year term as vice-president 
of the society. J. D. Mitchell, Jr. (AM °40, 
M °54), region engineer, Southeastern Re- 
gion, Lamp Division, Westinghouse Elec 
tric Corporation, Chamblee, Ga., was 
elected general secretary. R. L. Zahour 
(AM '53, M 55), manager of lamp appli- 
cations, Westinghouse Lamp Division of 
Westinghouse Electric Corporation, 
Bloomfield, N. J., was elected vice-presi- 
dent of the Northeastern Region. Mr. 
Zahour has served on the AIEE Produc- 
tion and Application of Light Committee 
(1955-60). 


A. H. Sonnenschein (AM ‘51, M ’58) has 
been appointed assistant to the president 
of Polarad Electronics Corporation, Long 
Island City, N. Y. Mr. Sonnenschein, for- 
merly corporate director of planning, will 
also retain the duties of the latter posi- 
tion. 


D. J. Veith (AM 48) has been appointed 
an engineer in the Plant Engineering 
Division of Argonne National Labora- 
tory, Argonne, Ill. He will work on elec- 
trical design for the Experimental 
Breeder Reactor-II now under construc- 
tion at Argonne’s Idaho Falls, Idaho, site. 
Before his Argonne appointment, Mr. 
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Veith held the position of staff engineer 
at Warren & Van Praag, Inc., Decatur, 
Ill. 


K. R. Wendt (M °52) has been appointed 
executive vice-president of Colorado Re- 
search Corporation, Broomfield, Colo. Mr. 
Wendt joined Colorado Research in Janu- 
ary as manager of the research depart- 
ment. 


L. T. Williams (AM ‘58), who has di- 
rected Westinghouse Electric International 
Company’s manufacturing and_ repair 
plant at San Francisco in Venezuela since 
its opening in November 1958, has been 
assigned to the New York headquarters 
of Westinghouse International. 


D. G. Wilson (AM °40, M °49) has been 
named vice-president—research of P. R. 
Mallory & Company Inc., Indianapolis, 
Ind. In his new post, Dr. Wilson will 
supervise Mallory’s Electrophysical Labo- 
ratories, Chemical Laboratories, and Ma- 
terials Laboratories, and co-ordinate Mal- 
lory engineering and research activities 
throughout the country. In addition to 
expanding an applied research program, 
he will establish additional research cen- 
ters. Dr. Wilson was previously an assist- 
ant vice-president of the Stromberg-Carl- 
son Division, General Dynamics Corpora- 
tion. He has served on the following 
AIEE Committees: Electronics (1949-60, 
chairman 1957-59), Science and Electronics 
Division (1957-60), Education (1958-60), 
Registration of Engineers (1958-60), and 
Research (1958-60). 


T. T. Witkowski (AM °47, M 54) and 
J. T. Underhill (AM °52) have been ap- 
pointed director of long-range planning 
and operations manager, respectively. Mr. 
Witkowski, former chief engineer, has 
also been named assistant to the execu- 
tive vice-president and will be responsible 
for planning and programming the fu- 
ture of the rapidly growing electronics 
corporation. Mr. Underhill will also re- 
port to the executive vice-president, and 
as operations manager will be responsible 
for direct line operations management of 
the engineering department and for per- 
formance on all engineering projects. 


OBITUARIES 


Edwin Havens Atwood (AM ’14, Member 
for Life), retired Socony Mobil engineer, 
died recently at the age of 75. Mr. At- 
wood was born May 17, 1885, in Fannetts- 
burg, Pa. He studied electrical engineer- 
ing at Cornell University from which he 
graduated in 1911. In 1912, he joined the 
Vacuum Oil Company, Olean, N. Y., as 
the company’s first refinery engineer. Mr. 
Atwood was assigned to the construction 
of the refinery at Port Jerome, France, in 
1929, and remained in Europe as advisory 
engineer to Socony Vacuum’s five Euro- 
pean refineries until World War IL. In 
1940, he was made superintendent of en- 
gineering at Socony Vacuum’s Paulsboro, 
N. J., refinery, a job he held until his re- 
tirement in 1950. 
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James Oscar Bewley, Jr. (M 49), a Gen- 
eral Elecrtic Company engineer, died re- 
cently. He was born October 2, 1911, in 
New Market, Tenn., and studied at the 
University of Tennessee from which he 
received the B.S. degree in electrical en- 
gineering in 1934. During 1930-34, he was 
a student engineer with the East Tennes- 
see Light & Power Company, and for the 
next 3 years worked as results engineer, 
operator and load dispatcher, and plant 
engineer. Mr. Bewley was employed by 
the Foreign Exploitation Division of the 
Gulf Oil Company in 1937-41 in Mara- 
caibo, Venezuela, on power plant engi- 
neering, line construction, and field op- 
erations. In 1941-42, he was associated 
with the Aluminum Company of America 
as a construction engineer. His work with 
General Electric began in 1942 as a field 
engineer in charge of installations of 
large apparatus and correction of faulty 
operation of existing large apparatus. He 
was also assigned to application engineer- 
ing, assigned to the engineering study of 
industrial plants and mines, and recom- 
mending proper equipment to perform 
the required function. Mr. Bewley was a 
past chairman of the Virginia Mountain 
Section, AIEE. 


Orris Kendall Buck (AM ’20, M ’31, Mem- 
ber for Life), manager of commercial and 
industrial sales, Los Angeles Department 
of Water and Power, Los Angeles, Calif., 
died on July 1. He was born June 1, 1898, 
in Spencer, Iowa. During 1917-18, he 
worked for the Seattle Construction and 
Drydock Company, U. S. Navy Yard, 
Bremerton, Wash. For the following 3 
years, he was employed on operating, 
drafting, and maintenance at the White 
River Generating Station of the Puget 
Sound & Light Company, Seattle, Wash. 
In 1922, he became a draftsman for the 
Bureau of Power and Light, Los Angeles. 
Mr. Buck was advanced to junior elec- 
trical engineer in 1924, and to power 
salesman in 1925. Mr. Buck served on the 
AIEE Domestic and Commercial Applica- 
tions Committee (1948-59). 


Rudolf August Karl Fleischmann (AM 
92, M °58), chief engineer, Eastern Spe- 
cialty Company, Philadelphia, Pa., died 
September 6. He was born April 30, 1905, 
in Munich, Germany. Mr. Fleischmann 
was employed by the Eastern Specialty 
Company in 1936. As chief engineer, he 
was in responsible charge of all electrical 
and mechanical design. 


Arthur Percy Morris Fleming (M 714, 
F °34. Member for Life), whose research 
in electronics contributed to the develop- 
ment of radar, died recently at his home 
near Shanklin on the Isle of Wight in 
England. He was born January 16, 1881, 
in Newport, Isle of Wight, and received 
a technical education at Finsbury Techni- 
cal College, London, from which he re- 
ceived a diploma in electrical engineer- 
ing. In 1900, he was employed by the 
Westinghouse Electric & Manufacturing 
Company in Pittsburgh, Pa., and 2 years 
later, went to work for the Metropolitan- 
Vickers Electrical Company, formerly the 
British Westinghouse Company, in Traf- 
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Group: Transmission & Distri- 
bution 
Subsection: Jackson 
Mexico 
Group: 
eT eee 
Group: Communications 
Subsection: Palm Beach 
Michigan 
Groups: 


Technical 


Communications 
Industry 
Power 
Professional 
ment - ey 
Science & Electronics 
Joint Meetings: Communications, 
Power with Science 
& Electronics 
Section with Commu- 
nications, Industry, 
Power, Science 
Electronics 
Middle Tennessee 
Groups: Computer 
Instruments & “Me asure- 
ments 
Power 
neering ° 
Joint Meeting: Section & 
Ridge Section 


Dev clop- 


System Engi- 


Oak 


Milwaukee : 
Groups: Basic Science 
Computers ‘ 
Electric Machinery 
Electronics . 
Power Application 
Control 
Transmission & 
bution : 
Joint Meetings: Section & Racine- 
Kenosha Subsection 
Electronics, Power Ap- 
plication & Control 


Distri- 


Minnesota 
Groups: Aeronautics 

Industry 

Science & Electronics § 
Subsection: Red River Valley 

Mississippi “- 108... 
Groups: Communications 


Montana 

Group: Technical Group 
Butte Subsection 
Billings 

Butte 

Helena 
Joint Meeting: Section & Butte 

Subsection 


Subsection: 
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Montreal 
Group: Technical Discussion 
Subsection: Quebec 
Nashville 
Groups: Power 
Nebraska 263... 
Groups: Applications & Industry 
Communications 
Electronics 
General Technical 
Power Apparatus 
Systems 
New Hampshire 
Group: Technical 
New Orleans 
Groups: Automation 
Basic Science 
New York 
Groups: Basic Science 
Communications 
Illumination 
Instrumentation 
Land 
Marine 
Power & Industrial 
Subsections: Hudson Valley 
New ’ 
Joint Meetings: Section & Com- 
munications 
New Jersey Div., 
& Industrial 
Communications, Power 
& Industrial 
Communications, Power 
& Industrial Illumi- 
nation, Basic Science 
& Section 
Niagara Frontier 
Group: Technical 
Joint Meeting: Section & Niag- 
° ara International Sec- 
tion 
Niagara International 
Joint Meeting: Section & Niag- 
ara Frontier Section 
North Carolina 602... 
Groups: Charlotte Communica- 
tions 
Charlotte 
Power 
Charlotte 
Transmission 
tribution 
Charlotte 
Eastern 
olina 
Mid-State 
Western North Car- 


Power 


Industrial 


Substation, 
& Dis- 


Subsections: ee 
North 


North Texas 
Groups: Aircraft 
Industrial 
Power Generation 
Rotating Machinery 
Relays, Protective De- 
vices, & Carrier Cur- 
rent . 
Substations, ‘Distribu- 
tion, Switchgear & 
Transformers 
System Engineering & 
Transmission 
Subsections: Central Texas 
Fort Worth 
West Central 
Joint Meetings: Section & Fort 
Worth Subsection 
Section, Dallas & Fort 
Worth Subsections .. 
Aircraft & Fort Worth 
Subsection 
Substations 
Engineering 
Northeastern Michigan 
Northeastern Wisconsin 
Group: Technical 
Northern New Mexico 


4 


1... 


2 


& Control ..10 


Car- 


3 


Texas 8 


Subsection: Los Alamos- —— Fe 8. 
Oak Ridge 0...12 


Institute Activities 


Technical 
Meeting: Section & East 


Group: 
Joint 


Tennessee Section .. l.. 


Ohio Valley 78352 


Joint Meetings: Chillicothe & 
Scioto Valley Subsec- 
tions 

City 

Communications & Elec- 
tronics 

Industrial Practices 

Management 

Power Systems 

Professional 


Oklahoma 
Groups: 


Ottawa 
Group: Power 
Panhandle Plains 
Philadelphia 
Groups: Aircraft 
Basic Science 
Communications fue 
Computer Discussion . . 
Electronics Discussion 
General Technical 
Industrial Practices Dis- 
cussion 
Management 
Measurements 
trols 
Power Systems 
Subsection: Atlantic City Div. 
Joint Meetings: Industrial Prac- 


& Con- 


tices & Measurements I 


Computer, Power Sys- 
tems, 

Pittsburgh 
Subsections: 


Pittsfield 
Group: 
Subsection: 

Portland 
Groups: Communications 

Industrial 

Power 

Research 
Science 

Technical 

Subsections: Eugene 
Medford 

Providence 

Groups: Electronics 
Power 
Subsection: Southeastern 

chusetts 

Richland 
Groups: Control & Instrumenta- 
tion 

Power Generation 

Technical 

Subsection: Walla 

Joint Meeting: 

Walla Subsection 


Walla 


Ridgway 

Rochester 35 
Groups: Communications & Elec- 
tronics 

Power & Industrial 

Rock River Valley 

Sacramento 
Groups: Electronics 

Transmission 
tribution 
Subsection: 

St. Louis 
Groups: Industrial 
Discussion 

Management 
ment 

Power 

cussion 
Eastern Division .. 

Meeting: Industrial Ap- 

aratus Power 
ractices 

St. Maurice Valley 

San Diego 
Groups: 


Practices Dis- 


Subsection: 
Joint 


Aircraft & Missile .... 
Electronics 


Measurements I|.. 
1,669. ..18 
Centre County .... 8 
Upper Monongahela 4. 
388 


— 
Section & Walla 


& Dis- 
2 


Apparat us 
8 








> Members 


August 1960 
Number of 
Meetings 


Section 


Total Number 
of Meetings 


AIEE Members 
August 1960 
Number of 
Meetings 
Total Number 
of Meetings 


Section 


AIFE Members 
August 1960 
Number of 
Meetings 
Total Number 
of Meetings 





Management 
Utility 
Joint Meetings: Aircraft & Mis- 
sile, Electronics ae 
San Francisco 1.915...1 
Groups: Communications 
General Applications 
Industrial 
Instrumentation 
Power 
Science & Electronics 
Subsections: Fresno 
Reno 
Santa 
Shasta 
Meetings: General Appli- 
cations, Power, In- 
dustrial 
General Applications & 
Santa Clara Valley 
Industrial &  Instru- 
mentation 
Science & Electronics, 
Santa Clara Valley 
Savannah ; 57 
Group: City Electrical Code 
Schenectady j 
Groups: 


Clara Valley 


Joint 


‘Troy ; 
Controlled Rec- 


Albany- 

Silicon 
tifier : 

Technical Group 

Adirondack Subsec- 

tion 

Adirondack 

Meeting: Section with Ni- 

agara Frontier, Roch- 

ester, Syracuse Sec. 


Subsection: 
Joint 


Seattle ‘ 
Groups: Aircraft 
Basic Sciences ; 
Feedback Control 
Industrial 
Management 
Power 
Subsections» Alaska 
Tacoma 
Joint Meetings: Section 
craft 
Section, 
trol & 


& Air- 


Feedbac k ‘Con- 
Industrial ... 


Section & ‘Tacoma 
section 
Sharon 
Shreveport 
Groups: Management 
Relay & Control 
Transmission 
Subsection: Monroe 
Joint Meetings: Section & Mon- 
roe Subsection 2 
South Bend 
Groups: Basic Science 
Domestic Uses 
Electronics 
Industria! Power 
Motors & Control 
Power Distribution 
Solid State Devices 
South Carolina 247... 
Subsections: Central Savannah 
River 
Charleston 
Columbia 
Piedmont 
South Texas 
Group: Technical 
Southern Arizona 
Groups: Communications & Elec- 
tronics 
Industrial 
Spokane 
Groups: Applications & Indus- 
try ies 
Communications & Elec- 
tronics 
Management ia 
Power, Transmission 
Distribution 
Subsection: Wenatchee 
Joint Meeting: Section & Wenat- 
chee Subsection — 
Springfield 
Group: Technical 
Susquehanna 
Syracuse 
Groups: Industrial 
Power 
Subsection: St. Lawrence Inter- 
national 
Toledo 


Electronics 
Industrial 
Power 


Groups: 
Practices 


Toronto 
Groups: Communications 
Industrial 
Toronto Supper Club . 
Joint Meeting: Section & Hamil- 
ton Section 


Acronautics 

Basic Science 

Communications 

Electronics 

Industrial Power 

Instruments & Measur- 
ing 

Safety 


Groups: 


& "Management 
Ueki. 
Group: 
Vancouver 
Groups: Electronics 
Industrial 
Power Discussion 
Vermont 
Victoria 
Groups: Relay & Protection 
Stations 
Virginia <- 
Subsections: Blue Ridge 
Hampton Roads 
Richmond 
Virginia Mountain 
Washington 
Groups: Meetings & Papers: 
Technical 
West Michigan 
West Virginia 
Wichita 
Worcester 
Groups: 


133... 


Insulated Conductors 
Transmission & Distri- 
bution 


Total Sections, 116 
Total Technical Groups, 
Total Subsections, 78 


260 





Table I. Branch Meetings Held During Year Ending April 30, 1960 





Branches 


Number 
of 
Meetings 


Number 


of 
Branches 


Meetings 


Number 
of 


Branches Meetings 





Air Force Institute of 
*Akron, University of 
*Alabama, University 
*Alaska, University of 
*Alberta, University of 
Arizona State University 
*Arizona, University of 
*Arkansas, University of 
Auburn University s eo 
Bradford Durfee College of 
Bradley University 

Brigham Young University 
*British Columbia, University 
*Brooklyn, Polytechnic Institute of (Day) 
*Brooklyn, Polytechnic Institute of (Eve.) 
*Brown University 
*Bucknell University 
Buffalo, University 
*California Institute of 
California State Polytechnic 
*California, University of 
*Carnegie Institute of Technology 
*Case Institute of Technology 
*Catholic University of America 
Christian Brothers College 
*Cincinnati, University of 
*Clarkson College of Technology 
*Clemson A & M College 
*Colorado State University 
*Colorado, University of 


Technology 


Technology 


Technology 
College 
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*Columbia University 
*Connecticut, University 
*Cooper Union 
*Cornell University 
*Dayton, University 
*Delaware, University 
*Denver, University of 
*Detroit, University of 
*Drexel Institute of 
*Duke University 
Fenn College 
*Florida, University 
Gannon College 
*George Washington University 
Georgia Institute of Technology 
Houston, University of 
*Howard University 
Idaho, University of 
Illinois Institute of Technology 
*Illinois, University of 
Chicago Division 
*Iowa State University 
Iowa, State University 
*Johns Hopkins University 
Kansas State University 
*Kansas, University of 
Kentucky, University 
“Lafayette College 
Lamar State College of 


T echnology 
Laval University 


ODIO 7 s7 or ors 


Institute Activities 


*Lehigh University ; 
*Louisiana Polytechnic Institute 
*Louisiana State University 
*Louisville, University of 
*Maine, University of 
*Manhattan College 
*Marquette University 
*Maryland, University of 
*Massachusetts Institute of 
* Massachusetts, University 
Merrimack College 
Miami, University of 
*Michigan College of 
nology 
* Michigan 


T echnologs 


State University 

*Michigan, University of 

Milwaukee School of Engineering 

*Minnesota, University of 

Mississippi State University 

*Missouri School of Mines & Metallurgy 

*Missouri, University of 

*Montana State College 

*Nebraska, University 

*Nevada, University of 

Newark College of Engineering 

*New Bedford Institute of Technology 

*New Hampshire, University of 

*New Mexico State University of Agri- 
culture, Engineering & Science 

*New Mexico, University of 


- _— 
eovracecoccF#nN*fS@ 


= 
eon 
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Number 
of 
Branches 


Meetings 


Number 
of 


Branches Meetings 


Number 
of 


Branches Meetings 





*New York, College of the City 
*New York University-*Duy) 
*New York University (Eve.) 
*North Carolina State College 
*North Dakota State College 
*North Dakota, University of 
“Northeastern University 
*Northwestern University 
*Norwich University 

*Notre Dame, University of 
*Ohio Northern University 
*Ohio State University 

*Ohio University 

*Oklahoma State University 
"Oklahoma, University of 
Oregon State College 
*Pennsylvania State University 
*Pennsylvania, University of 
Pittsburgh, University of 
Prairie View A & M College 
*Pratt Institute a Re ee 
*Princeton. University 

Puerto Rico, University 
*Purdue University 
*Rensselaer Polytechnic Institute 
*Rhode Island, University of 
"Rice Institute 

*Rose Polytechnic 


_ 
—— Oth = 


w= 


SAI © ve 


*Rutgers University 

Saint Louis University 

*San Jose State College 

*Santa Clara, University of 

Seattle University 

*South Carolina, University 

South Dakota School of Mines & Tech- 
nology 

*South Dakota State College 

*Southern California, University of 

*Southern Methodist University 

Southwestern Louisiana Institute 

*Stanford University 

“Stevens Institute of Technology 

*Swarthmore College 

*Syracuse University 

Tennessee Polytechnic Institute 

Tennessee, University of 

Texas College of Arts & Industries 

*Texas, A & M College of 

*Texas Technological College 

*Texas, University of 

Texas Western College 

*Toledo, University of 

*Toronto, University 

*Tufts University 

*Tulane University 

*Union College 


eau sae 


COVA lI SKINS NIOSOU®"3BOSCoO 


United States Naval Post Graduate 
School 

Utah State University 

*Utah, University of 

Valparaiso University 

Vanderbilt University 

*Vermont, University 

*Villanova University 

Virginia Military Institute 

*Virginia Polytechnic Institute 

*Virginia, University of 

*Washington State University 

*Washington University 

*Washington, University 

*Wayne State University 

West Virginia Institute of Technology 
West Virginia University 
Wichita, University of 

*Wisconsin, University 

*Worcester Polytechnic Institute 

*Wyoming, University of 

*Yale University 

*Youngstown University 


no — 
De F DIN IF NANNY 


— 


— 
Ce & Om m1S 


Total Branches 164 
*Joint AIEE-IRE Branches 122 
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ford Park, Manchester, England. During 
1902-06, he was an insulation specialist, 
and for the following 8 years was a su- 
perintendent and chief engineer in the 
transformer department. In 1914, he be- 
came director of research and education. 
Sir Arthur was a leader in the perfection 
of methods for mangsfacturing vacuum 
high-voltage equipment and thermionic 
valves, component parts of radar. For his 
pioneering efforts in the development of 
submarine-detection equipment, he was 
awarded the Commander Order of the 
British Empire during World War I. Sir 
Arthur was a member of the Ministry 
of the Labor Advisory Council of the 
Central Register in 1938 and chairman 
of the Electrical Engineering Committee 
of the Central Register of the Ministry of 
Labor in 1939. He served on the govern- 
ing body of the Imperial College of Sci- 
ence and Technology, the delegacy of 
City and Guilds College, the War Cabinet 
Engineering Advisory Committee, and 
Lord Hankey’s Technical Personnel Com- 
mittee in 1941. He was a member of the 
Technical Personnel Committee set up 
in 1951, the Board of Education Com- 
mittee on Training of Teachers and 
Youth Leaders, and the National Ad- 
visory Council for Further Education. In 
1945, he was knighted for his services to 
education, and he received honorary de- 
grees from the Universities of Manchester 
and Liverpool for his work in technical 
education and research. Sir Arthur served 
as chairman of the Management Commit- 
tee, Athlone Fellowships, 1950, and was 
vice-president of the British Association 
for Commercial and Industrial Educa- 
tion. He received the Thomas Hawksley 
Medal of the Institution of Mechanical 
Engineers in 1937 and the Faraday Medal 
of the Institution of Electrical Engineers, 
of which he was president in 1941. 


Pierce G. Fredericks (M ’29), retired New 
York electrical engineer, died September 


NOVEMBER 1960 


on 


25. He was born January 30, 1889, in 
Houston, Texas. Mr. Fredericks was 
retired last year as commercial vice-pres- 
ident of the Federal Pacific Electric Com- 
pany after almost 50 years’ association 
with the electrical industry. 


George Hadley (Affil '53) an electrical 
designer with the Wigton-Abbott Corpo- 
ration, Plainfield, N. J., died September 
12. He was born July 25, 1924, in Plain- 
field. Mr. Hadley had been employed by 
Wigton-Abbott since 1947. He had also 
served as an engineering operations offi- 
cer of the Air Installations Office, Mc- 
Guire Air Force Base, Trenton, N. J. 


Nicholas Alexander Ivanoff (AM °42), an 
electrical engineer with Howard, Nee- 
dies, Tammen & Bergendorf, New York, 
N. Y., died September 11 at the age of 
59. Mr. Ivanoff, who was born in Russia 
on December 3, 1900, studied electrical 
engineering at Pratt Institute. During 
1922-25, he was employed as an electrical 
instrument maker for Charles Cory & 
Son, New York. He worked as an elec- 
trical inspector, assistant engineer, and 
power dispatcher in 1927-41 for the Dela- 
ware, Lackawanna, & Western Railroad 
Company, Hoboken, N. J. In 1941, he 
became an electrical designer and de- 
tailer for the New York Central Rail- 
road. Mr. Ivanoff also served as a con- 
sulting engineer on lighting projects for 
the New Jersey Turnpike Authority. 


Humphrey George Michell (AM '20, M '27, 


F °49), assistant manager, international 
operations, Montreal Engineering Com- 
pany, Ltd., Montreal, Que., Canada, died 
August 15. He was born October 1, 1894, 
at Miniota, Man., Canada. In 1920, he 
received the B.Sc. degree in electrical en- 
gineering from the University of Mani- 
toba. He was employed by the Winnipeg 
Hydro-Electric System, Winnipeg, Man., 
in 1920, as assistant to the distribution 
engineer. In 1922, he became distribution 
engineer of the company, a position he 


Institute Activities 


held until 1926, when he became distribu- 
tion engineer of the Mexican Light & 
Power Company, Ltd. Mr. Michell be- 
came superintendent of distribution of 
the Mexican company in 1928, and later 
that year, superintendent of transmission 
and distribution. In 1932, he became 
manufacturers’ representative for Haefly 
Static Condensers, Toronto, Ont. Two 
years later, he became electrical engineer 
for the Mexico Tramways Company, 
Mexico City, Mexico. Mr. Michell went 
to work for the Bolivian Power Company 
in 1939 as manager, Oruro Division. He 
became manager of La Paz Division of 
the company in 1946, and general man- 
ager of the company in La Paz in 1947. 


Marion Alvin Mulrony (AM ‘12, M ’17, 
Member for Life), retired engineer, Ta- 
coma, Wash., died recently. He was born 
April 11, 1887, at Colfax, Wash. In 1910, 
he became chief engineer and works 
manager for the Shaw Wireless, Ltd., of 
Randwick, Sydney, Australia, where he 
was assigned to the design and manufac- 
ture of commercial and special electrical 
machinery. He designed and manufac- 
tured more than 50 500-cycle high-tension 
wireless transformers and several 500-cyele 
alternators for wireless work. 


Martine F. Schonefeld (AM °38), Fort 
Wayne Division general superintendent, 
Indiana & Michigan Electric Company, 
Fort Wayne, Ind., died recently. He was 
born March 29, 1902, in Fort Wayne, and 
received the B.S. degree in electrical engi- 
neering in 1925 from Purdue University. 
A veteran of 35 years of service with the 
Indiana and Michigan, he joined the com- 
pany in 1925, then the Indiana Service 
Corporation, as an engineer. In 1929, he 
became superintendent of electric distri- 
bution, and in 1933, electrical engineer. 
Mr. Schonefeld was named Fort Wayne 
Division general superintendent in 1955. 
He was a registered professional engineer 
in the State of Indiana and a member of 
the Fort Wayne Engineer’s Club. 
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OF CURRENT 
INTEREST 


TWO “orbital scatter’’ belts (one east-west over the equator and one 
north-south over the poles) will relay radio messages over very long 
distances in communication system being developed by MIT Lincoln 
Laboratory. The tiny metallic fibers (dipoles) in the belts will be 


hundreds of feet apart. 


Orbital Scatter Communication 


For Teletype, Voice, and Television 


A NEW and unique method of reliable 
global communications by millions of mi- 
nute orbiting particles for teletypewriter, 
voice, and television was described re- 
cently by W. E. Morrow, Jr., of Massa- 
chusetts Institute of Technology Lincoln 
Laboratory in Lexington, Mass., at a meet- 
ing of the International Scientific Radio 
Union in London, England. 

Known as orbital scatter, the new tech- 
nique utilizes the reflective properties of 
a belt of tiny metallic fibers, or dipoles, 
about 14 inch long and 14 the diameter 
of a human hair, placed in orbit several 
thousands of miles above the earth. Radio 
waves transmitted to the belt will be scat- 
tered back to earth where they can be 
picked up by radio receiving equipment. 
Transmitting and receiving antennas will 
be trained on the same spot in the belt. 


SIGNALS 
SCATTERED 
FROM DIPOLES 


TRANSMITTER 


RECEIVER 


=~ DIPOLES IN 
ORBIT 


TUNED dipoles in orbit will be used for 
world-wide radio communication in “orbital 
scatter’’ system being developed by the MIT 
Lincoln Laboratory. The dipoles are tiny me- 
tallic fibers, thinner than a hair, widely dis- 
persed along an orbit some 40,000 miles in 
length. 
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The reflective principle will be similar to 
that employed in ionospheric and tropo- 
spheric radio communications. 

The basic concept of orbital scatter was 
developed by Mr. Morrow in collabora- 
tion with Harold Meyer of the Thompson- 
Ramo-Wooldridge Corporation, in 1958. 
Full-scale technical development is being 
carried on at Lincoln Laboratory where 
experiments are being prepared to test the 
feasibility of the technique and to confirm 
the results of theoretical studies. Orbital 
scatter can potentially serve both civilian 
and military purposes. 

The ever-growing demand for long-dis- 
tance communications has increased the 
desirability of using higher radio frequen- 
cies where bandwidth is still available. In 
these higher frequencies, energy is propa- 
gated in straight lines and does not follow 
the curvature of the earth. Since the 
earth’s curvature imposes limitations on 
the length of line-of-sight communica- 
tions links, at long distances it is neces- 
sary to use reflective or scattering tech- 
niques. 

The number of exclusive communica- 
tions circuits between different geographi- 
cal locations which can be carried 
simultaneously by a single orbital scatter 
belt is exceedingly large. The number of 
circuits between any two locations will be 
determined by the capacity of the ground 
radio equipment and the size of the belt. 
With two such belts, one east-west over 
the equator and one north-south over the 
poles, communications can be established 
between any two points on the earth, and 
can link widely separated nations and 
territories. This technique offers promise 
of very high system reliability, since all 
of the active radio equipment is located 
on the ground and easily accessible for 
maintenance. 


Of Current Interest 


A rocket will be used to place in 
the desired orbit a cylindrical container 
into which the small dipoles have been 
packaged. When the orbit has been at- 
tained the container will be ejected from 
the rocket. A dispensing mechanism will 
then release the fibers gradually from the 
container, over a period of | day. 

It is estimated that within | to 2 months 
the dipoles will spread to form a continu- 
ous belt around the earth. In a completed 
belt, using the example which Mr. Mor- 
row described, it is calculated that the 
small fibers will be separated on the aver- 
age by about 1,000 feet. 

Orbital scatter appears to offer a num- 
ber of advantages in long-distance radio 
communications. With two orbits, only 
two rockets will be required to provide 
practically world-wide coverage. The elec- 
tronic and physical characteristics of the 
dipole belt will afford a very large num- 


CAT’S WHISKER (top) about 2 inches long 
dwarfs the tiny metallic fibers that will be 
sown in orbit about the earth to relay radio 
messages over very long distances, in long- 
range “orbital scatter’’ radio communication 
system being developed by the MIT Lincoln 
Laboratory. 
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ber of communications circuits. Since the 
dipole belt will be relatively stationary in 
space, transmitting and receiving antennas 
on the ground can be trained continu- 
ously on the same spot in the belt with a 
movement of only a few degrees per day. 
This slow motion eliminates the need for 
high-speed tracking equipment. The life- 
time of the belt can be varied from a mat- 
ter of months to years, depending on the 
altitude and inclination of the orbit to- 
gether with the dipole design. As the belt 
nears the end of its useful life, the di- 
poles will be dissipated harmlessly in the 
atmosphere. Belts with a relatively short 
lifetime are proposed for an initial experi- 
ment. 

Theoretical studies have indicated that 
known phenomena such as solar radia- 
tion pressure, atmospheric friction, sun 
and moon gravitation, micrometeorites, 
magnetic field effects, and the influence of 
high-energy particles will not produce 
excessive undesirable changes in the belt. 

Computations, prepared on the hypo- 
thetical example discussed by Mr. Morrow. 
have convinced Lincoln scientists that the 
dipoles in orbit will have negligible ad- 
verse effects both on the use of space, and 
on the various types of astonomical ob- 
servations; optical, radio, or radar. Dis- 
cussions with other scientists and scien- 
tific groups, including an Ad Hoc Com- 
mittee of the Space Science Board of the 
National Academy of Sciences have con- 
firmed this opinion. EE 


Navy-Air Force 
Digital Flight Trainer 


A new digital flight trainer and research 
device called Uporrr (Universal Digital 
Operational Flight Trainer, Tool) was 
demonstrated publicly for the first time 
recently when a “flame-out’”” emergency 
was introduced into a simulated Air 
Force F-100A Super Sabre jet flight by an 
instructor outside the cockpit. 

Uportr was developed by Sylvania 
Electric Products, Inc., a subsidiary of 
General Telephone & Electronics Corpor- 
ation, under a $2 million contract with 
the U. S. Naval Training Device Center, 
Port Washington, N. Y., a field activity 
of the Office of Naval Research. The pro- 


gram is under the joint sponsorship of 
the U. S. Air Force and the Department 
of the Navy. 

When the “flame-out,” or engine failure, 
was introduced into Uportr, the pilot of 
the simulated flight, Navy Commander 
J. H. Bahlman, cut off all electric cir- 
cuits while the supersonic jet descended 
from 15,000 to 7,000 feet, restarted his 
engine in mid-air, and brought the plane 
in for a safe landing. Each operation was 
performed under _ realistic conditions 
within Uportt’s sealed F-100A cockpit. 

Rear Admiral Rawson Bennett, Chief 
of Naval Research, said Uporrr “is ex- 
pected to be the forerunner of an entirely 
new family of training devices.” 

Henry Lehne, a senior vice-president of 
Sylvania, said that because of its flexibility 
and high-speed operation, “the Uportr 
computer system can simulate any vehicle 
that can be represented by a mathematical 
formula—including space ships, nuclear 
submarines, helicopters, hydrofoil craft, 
and others. With modification, it can 
simulate several vehicles simultaneously.” 

With the Uportr digital system, com- 
plete mathematical representations of the 
characteristics of the aircraft to be simu- 
lated are transferred through punched 
cards into the computer's magnetic core 
memories. Thereafter, manipulation of 
the plane's controls provides new informa- 
tion to the computer which then computes 
the equations of motion and activates the 
instruments in the cockpit to correspond 
to the plane's “actions.” 

Uportr may be changed to simulation 
of another vehicle type simply through 
processing punched cards on that vehicle 
into the computer. Individual special- 
purpose analog computers, used for flight 
simulation in recent years, are restricted 
—without substantial modification—to 
simulation of a single aircraft. 

Uportr, which operates at a rate of 
more than 200,000 operations per second, 
is the result of intensive research by the 
Navy and Air Force to develop a flexible 
computer system with “real-time” capabil- 
ity—the ability to respond instantaneously 
to the commands of a student pilot within 
the cockpit or an instructor at an external 
control panel, 

Admiral Bennett said future uses of 
Uportt, in addition to training and sim- 
ulation, will include research in the areas 
of engineering techniques, mathematical 


UDOFTT (Universal Digital Operational Flight Trainer, Tool) is capable 
of simulating travel conditions of jet aircraft, nuclear submarines, 
tanks, helicopters, space ships, or any other vehicular system that 
can be mathematically depicted. It is comprised of five primary sec- 
tions: (1) Digital Computer Section. Contains the fixed memory, the 
arithmetic unit, the control unit, and power source. The prime function 
of the digital computer section is to solve equations of flight using 
data received from the cockpit-instructor station. The digital computer 
section, operating on a 5-microsecond basis, instantly reads data to 
the pilot's instruments—present altitude of aircraft, position, flight 
conditions, etc. (2) Console. Initiates the program and is used to check 
out the program. (3) Instructor Station. From this position the instruc- 
tor monitors flight, inserts problems and emergency conditions. More 
than 50 emergency conditions can be inserted. The instructor also 
has a duplicate set of instruments and radio communication with the 
pilot isolated in the cockpit. This enables the instructor to correct or 
suggest new techniques to remedy emergency conditions or to help 
the pilot fly (blind) and vector him in via radio direction finder. (4) 
Duplicate of Navy F9F-2 Panther jet cockpit. (5) Duplicate of USAF 


F-100A Super Saber jet cockpit. 
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techniques, and “human enginscring™ or 
psychology—such as pilot seaction in cop- 
ing with abnormal circumstances. 

Uportr utilizes a cockpit duplicating 
that of the vehicle it is to simulate. The 
cockpit and external instructor panel con- 
tain identical instruments, enabling the 
instructor to make corrections or intro- 
duce new conditions during a simulated 
flight. A Navy F9F-2 Panther jet cockpit 
is presently included in the system, along 
with the Air Force F-100A. 

Uportr was developed by the Data Sys- 
tems Operations of Sylvania Electronic 
Systems, a major division of Sylvania, in 
Needham, Mass., utilizing initial logical 
design studies of the Moore School of 
Electrical Engineering, University of 
Pennsylvania. EE 


Space Vehicle Unit 
Protected by Gold Coating 


“Steering jets” built for advanced space 
vehicles will be coated with gold to fight 
off cosmic bombardment, it was revealed 
recently. 

The jets, called thrust controllers, man- 
ufactured by Bendix-Pacific Division of 
The Bendix Corporation, are being plated 
with gold because of its reflectivity and 
density properties—not for glamour. 

The hand-sized electropneumatic con- 
trollers, first developed by the company 
for the Discoverer satellite series, keep 
space vehicles from tumbling and spin- 
ning in flight by automatically providing 
opposing thrusts of gas, it was explained. 

The 99.8% pure gold plating is 40 
millionths of an inch thick. This coating 
will reflect 95% of all energy radiation 
which might strike an orbiting vehicle’s 
surface. 

During the coating process, the control- 
ler is first sprayed with a thin coat of 
epoxy, a plastic which helps bond the 
gold to the metal device. Solid gold and 
the controller are then placed in a near- 
vacuum chamber, and the gold is heated 
to 4,712 F. At that temperature, the gold 
vaporizes and spreads throughout the 
chamber to plate the controller thor- 
oughly. Later, the unit is baked for 30 
minutes in a special oven to complete the 
coating treatment. EE 





Courtesy Philco Corporation 


THE balanced and weighted model of the Courier is mounted on the vibration table to test its 
performance under the conditions which were encountered as the Thor-Able-Star accelerated 


the payload into orbit around the earth. 


Courier Satellite 


For Global Communications 


THE 500-pound Courier satellite now or- 
biting around the earth was built for the 
Department of Defense by Philco Cor- 
poration at its Western Development Lab- 
eratories with the help of approximately 
45 principal subcontractors and more than 
200 materials suppliers. 

The satellite, which circles the earth in 
a little less than 2 hours, functions pri- 
marily as a “delayed repeater,” recording 
messages from a ground station for later 
retransmission while passing over another 
ground station, 


Courtesy International Telephone and Telegraph Corp. 


The effective instantaneous rate of data 
transmission of Courier is 55,000 bits per 
second of incoming traffic, plus the same 
amount simultaneously outgoing. 

Microwave Communications Subsystem: 
The microwave communications subsys- 
tem is comprised of four microwave FM 
transmitters, four microwave receivers, a 
baseband combiner, five data-storage tape 
recorders, microwave antennas, and di- 
plexers. Two microwave antennas with 
hemispherical radiation patterns are lo- 
cated on the equatorial band of the satel- 


AS soldier (foreground) 
prepares teletypewriter 
message for eventual 
transmission to orbit- 
ing satellite, other men 
at the control van 
equipment, developed 
by International Tele- 
phone and Telegraph 
Corporation and the 
U.S. Army Signal 
Corps, monitor com- 
plex electronic ap- 
paratus capable of 
loading Courier with 
400,000 words every 
5 minutes—and tak- 
ing on the same 
amount—each time the 
satellite hurtles over 
the horizon and breaks 
into radio view. 
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lite. Two independent transistorized FM 
receivers are connected to each antenna 
through the diplexers and r-f cables. The 
receiver noise figure is less than 12 db, 
Each receiver weighs 6.4 pounds and re 
quires 3.3 watts of primary power. The 
video baseband outputs of the four re- 
ceivers are combined in the diversity com- 
biner. The signal-to-noise ratio of each 
receiver output is measured, and the out- 
puts are combined proportionally to their 
signal-to-noise ratios. 

To avoid undue complexity in switch- 
ing, the transmitters are operated in 
pairs, with each transmitter of each pair 
connected to one of the microwave an- 
tennas. 

The transmitters use solid-state active 
circuit elements except for the final power 
amplifier tube. Frequency stability over 
the environmental temperature range is 
assured by the use of a crystal-controlled 
reference oscillator circuit which operates 
an electromechanical frequency control 
system, 

Each transmitter weighs 26 pounds and 
requires less than 80 watts input for an 
r-f power input of 7 watts. 

Five tape recorders are used in the 
Courier satellite. Four of the recorders 
are designed to store teletypewriter digi- 
tal communications data. The fifth re- 
corder will be used to test the system 
capability with analog or voice informa- 
tion. Data can be read into, or out of each 
recorder for 5 minutes. 

The tape recorders were developed for 
Philco by Consolidated Electrodynamics 
Corporation of California. 

Telemetry Subsystem: A PAM/FM/FM 
telemetry system has been provided to 
evaluate the performance and environ- 
mental condition of the Courier satellite. 
An all-transistorized telemetry generator 
has been developed by Philco to commu- 
tate 26 system parameters, such as equip- 
ment temperatures and equipment per- 
formance, such as receiver signal-to-noise 
ratios, transmitter power outputs, and 
power system voltage and current. 

The various telemetry sensors, the tele- 
metry generator and redundant 1.5-watt 
FM transmitters comprise the telemetry 
subsystem. All active circuit elements in 
this subsystem are solid-state devices. 

The telemetry transmitter power is ra- 
diated from four whip antennas located 
on the equatorial band of the satellite. A 
vhf diplexer is included to permit simul- 
taneous vhf transmitter and vhf receiver 
operation. 

Command Subsystem: The command 
subsystem serves as the “switchboard” for 
the microwave communications and tele- 
metry subsystems, as a clock to synchron- 
ize certain satellite functions, and in ad- 
dition has the “repairman” function of 
switching between certain of the equip- 
ment in the satellite. The command sub- 
system is comprised of redundant vhf 
receivers and a command decoder which 
performs many logical operations on the 
command data to ensure that erroneous 
commands are not accepted. 

Commands are delivered to the decoder 
from two all-transistorized crystal-con- 
trolled FM command receivers. 

VHF Beacon: The Courier satellite has 
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JOHN BURT of the 
U.S. Army Signal Re- 
search and Develop- 
ment Laboratory of Ft. 
Monmouth, N.J. (eft), 
and Gerald Moore, 
Philco satellite project 
manager (center), in- 
spect a receiver and 
a transmitter mounted 
on the inner structure 
platforms of the Cou- 
rier communication sat- 
ellite. Ronald Weath- 
ers, Philco technician, 
attaches cable. Various 
pieces of electronic 
equipment are mount- 
ed on both sides of 
the three platforms. 


a 50-milliwatt transistorized vhf transmit- 
ter subsystem. The beacon is capable of 
providing tracking signals to the Mini- 
track stations to assist in determining the 
orbital parameters of the Courier. 
Primary Power Subsystem Approxi- 
mately 20,000 silicon solar cells are fas- 
tened to the surface of the Courier satel- 
lite. These semiconductors convert solar 
energy into electric power to operate the 
electronic equipment within the satellite. 
Solar cells are soldered into “shingles” 
comprised of seven cells each. Twelve 
shingles are connected in series and at- 
tached by adhesives to a curved Fiberglas 

















Courtesy Philco Corporation 


base, or array, which is in turn fastened 
to a hemispherical cover of the satellite. 
These arrays are connected in parallel to 
form the complete solar battery. 

Iwo separate and independent sets of 
solar arrays are provided on the Courier. 
Each one charges a nickel cadmium stor- 
age battery which permits higher peak 
power loads than the solar arrays can 
supply. Unlike several of the early short- 
lived satellites which relied on storage 
batteries alone, the Courier is capable of 
operating for periods measured in years 
rather than days or weeks, because of the 
nature of its power system. EE 








Courtesy International Telephone and Telegraph Corp. 


POWER and control vans at Fort Monmouth, N.J., and Salinas, Puerto Rico, send and receive 
400,000 words every 5 minutes, each time Courier circles the earth once every hour and 50 
tes. C ds issued by the control center direct the satellite to boost its power and 





energize transmitting equip t for ¢ 





icating with the radio van. The artist's conception 


shows the two stations—in northeastern United States and on the eastern end of Puerto Rico, 
along with the antennas which send signals reaching to the satellite. 
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Future Meetings of Other Societies 


National Warm Air Heating and Air 
Conditioning Association, Annual Con- 
vention, Nov. 14-17, Statler-Hilton Hotel, 
Cleveland, Ohio. Air-Conditioning and 
Refrigeration Institute, 1346 Connecticut 
Ave., N.W., Washington 6, D.C 


NEMA, Annual Meeting, Nov. 14-18, 
Traymore Hotel, Atlantic City, N.J., 
National Electrical Manufacturers Asso- 
ciation, 155 E. 44th St., New York 17, 
N.Y. 


Symposium on Engineering Applications 
of Probability and Random Function 
Theory, Nov. 15-16, Purdue University, 
Lafayette, Ind. J. L. Bogdanoff, Division 
of Engineering Science, Same. 


MAECON, Mid-America Electronics Con- 
ference, Nov. 15-16, Hotel Muehlebach, 
Kansas Citv, Mo. L. R. Crissman, Trans 
World Airlines, 10 Richards Rd., Kansas 
City, Mo. 


BRI, Fall Conferences, Nov. 15-17, Shore- 
ham Hotel, Washington, D.C. Building 
Research Institute, Div. of Engineering 
and Industrial Research, National Acad- 
emy of Sciences, 2101 Constitution Ave., 
Washington 25, D.C. 


ASME, Winter Annual Meeting, Nov. 27- 
Dec. 2, Statler Hilton Hotel, New York, 
N.Y. L. S. Dennegar, The American 
Society of Mechanical Engineers, 29 W. 
39th St., New York 18, N.Y. 


24th National Exposition of Power and 
Mechanical Engineering, Nov. 28-Dec. 2, 
New York Coliseum. Same, 480 Lexing- 
ton Ave., New York 17, N.Y. 


AIME, Electric Furnace Conference, 
Nov. 30-Dec. 2, Morrison Hotel, Chicago, 
Ill. American Institute of Mining, Metal- 
lurgical, and Petroleum Engineers, Inc., 
29 W. 39th St., New York 18, N.Y. 


IRE, Professional Group on Vehicular 
Communications, 11th National Confer- 
ence, Dec. 1-2, Sheraton Hotel, Philadel- 
phia, Pa., M. T. Speights, P.O. Box 443, 
Fort Washington, Pa. 


EIA, 3rd Conference on Maintainability 
of Electronic Equipment, Dec. 5-7, Hil- 
ton Hotel, San Antonio, Texas. J. T. 
Caffiaux, Electronic Industries Associa- 
tion, Engineering Dept., 11 W. 42nd St., 
New York 36, N.Y. 


Application of Electrical Insulation, 3rd 
National Conference, Dec. 5-8, Conrad 
Hilton Hotel, Chicago, Ill., F. C. Oster- 
land, Motor & Generator Department, 
Allis-Chalmers Manufacturing Co., Mil- 
waukee 1, Wis. 


Industrial Building Exposition and Con- 
gress, Dec. 12-15, New York Coliseum, 
Clapp & Poliak, Inc., 341 Madison Ave., 
New York 17, N.Y. 


Atomic Industry Exhibition, Dec. 12-15, 
California Masonic Memorial Temple, 
San Francisco, Calif. D. J. Scherer, 
Atomic Industrial Forum, $ E. 54th St., 
New York 22, N.Y. 


Overseas 


Symposium on Experimental and Test 
Reactors, Nov. 28-Dec. 2, Vienna, Aus- 
tria. International Atomic Energy 
Agency, 11 Kartner Ring, Vienna Il, 
Austria. 














INVENTOR of accutron, horologist and physi- 
cist Max Hetzel, holds transistorized circuit of 
Bulova’s new Accutron electronic timepiece 
with jig and readies tuning fork for insertion 
between tiny coils, each containing 8,000 
turns of wire. He started working on Accu- 
tron development in Bulova's Switzerland 
plant 8 years ago. Hetzel is now chief physi- 
cist at the company's main plant in Jackson 
Heights, N.Y. 


Transistorized Timepiece 
“Hums” Instead of “Ticks” 


A new sound of time—a “microsonic” 
hum to replace the centuries-old ticking 
sound—was introduced recently in a new 
transistorized timepiece designed to make 
conventional wrist watches a thing of the 
past. 

The new timepiece, called the “Accu- 
tron,” looks like a wrist watch, but uses 
timekeeping principles never used in a 
wrist watch, according to its inventors, 
the Bulova Watch Company, Inc. 

“The same instrument we can now wear 
as a personal timepiece on our wrists is 
orbiting earth as a timing instrument 
aboard the Explorer VII satellite,” said 
Gen. Omar N. Bradley, Bulova board 
chairman, who introduced his company’s 
new development. The task of the timer, 
which weighs 8 ounces and replaces 30 
pounds of otherwise necessary equipment, 
is to turn off the satellite transmitter at a 
preset time. 

“Because of its performance in space 
and the 3 vears of field testing that we 
have put it through here on earth, we 
believe,” Gen. Bradley said, “that Accu- 
tron is more accurate than any conven- 
tional wrist watch be it powered by spring 
or battery, and considerably more reliable 
in operation.’ 

“Furthermore,” he said, “we _ believe 
Accutron is the most significant advance- 
ment in timekeeping in more than 300 
years.” 

Bulova supports its accuracy claim for 
the new watch by guaranteeing the Accu- 
tron in use to be accurate within | minute 
per month; approximately 10 times more 
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accurate than fine-quality wrist watches. 

Gen. Bradley said that Accutron was so 
unlike a conventional watch that his com- 
pany has been referring to it as a “micro- 
sonic” or electronic timepiece. The new 
timekeeper has none of the conventional 
watch components, such as main spring, 
escapement, winding mechanism, winding 
and setting stem, balance wheel, and hair- 
spring. 

An electromagnetic tuning fork that is 
powered and controlled by a transistorized 
electronic circuit replaces the balance 
wheel and hairspring. It is the tuning 
fork—vibrating at 360 cycles per second 
within the Accutron—that gives off the 
slight “hum” barely audible when the 
instrument is held close to the ear. 

Jewelry stores in 32 market cities 
throughout the country will start selling 
the Accutron in mid-November, a com- 
pany marketing spokesman said. Prices of 
the Accutron will range from $175 to $2,- 
500, with most of the dozen men’s models 
in the $250 to $400 range. The $2,500 
model is in platinum. 

The Bulova company originated devel- 
opment of the Accutron some 8 years ago 
in its Swiss plant. Max Hetzel, a Swiss 
horologist and electronic engineer who is 
now Bulova’s chief physicist, is the inven- 
tor of the electronic timepiece. 

Bulova has obtained numerous Ameri- 
can and foreign patents on its device. 

Microminiaturization and refinement of 
the electromagnetic and electronic com- 
ponents of the Accutron has been directed 
for the past 5 years by W. O. Bennett, 
vice-president of research and engineering 
for Bulova. 

A single component that probably best 
represents microminiaturization within 


POWER CELL for Accutron is a 1.3-volt mer- 
cury cell (shown on finger) which can be re- 
placed merely by unscrewing a cap on the 
back of the Accutron case. Power cell looks 
similar to hearing aid batteries, but is specially 
designed for Accutron’s requirements. Re- 
placement power cells will cost $1.50. Re- 
cessed handle for setting the hands also is 
on the back of the case. Accutron shown is 
one of 12 introduced recently by Bulova 
Watch Company, Inc. 
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ELECTRONIC CIRCUIT of the Accutron acts as 
an on-off switch as it continuously imparts 
driving pulses through the drive coils to the 
magnetic cup arrangement on each tine of 
the tuning fork time standard (not shown). 
Voltage flows from the power cell to drive 
coils through switching germanium transistor 
when the phase-sensing coil “‘senses’’ the 
correct position of the tuning fork during each 
vibration. Frequency of vibration is main- 
tained at 360 cycles per second. The 1.3-volt 
mercury power cell delivers 6 millionths of 
an ampere (0.000006), 8 millionths of a 
watt (0.000008). 


the device is an index wheel that trans- 
poses vibratory motions from the tuning 
fork to rotary motion to move the hands. 
This gear is 0.095 inch in diameter (about 
like a pin head) and 0.0015 inch thick 
(about one half the diameter of a human 
hair); yet, it has 300 precisely machined 
ratchet teeth. 

The tiny coils that keep the tuning fork 
vibrating are 14 inch long. Each coil has 
8,000 turns of wire that is 0.0006 inch in 
diameter (only about one fifth the diam- 
eter of a hair). One pound of this wire 
would stretch 200 miles. 

The Accutron’s power source, a button- 
size 1.3-volt mercury cell, will keep the 
timepiece running for at least a_ year. 
Operation of the device requires about 8 
millionths of a watt (equal to 10 billionths 
of a horsepower). In comparison, the 
power used by an electric toaster to toast 
a slice of toast would operate the Accutron 
for about 250 years. EE 


Eskimo Village To Have 
Dial Telephone Exchange 


The traditional “mukluk telegraph” of 
the Arctic—the hand-to-hand and mouth- 
to-mouth means by which Eskimos have 
sent their messages for centuries past—will 
get a modern assist from the new dial 
telephone exchange of the Trans-Alaska 
Telephone Company which was scheduled 
to go into operation at Kotzebue, Alaska, 
late in October. 

Kotzebue will become the northern- 
most telephone system on the North 
American continent, according to J. E. 
Field, president of Trans-Alaska. 

The Kotzebue installation, constructed 
under the supervision of J. V. Ditto, vice- 
president of Trans-Alaska, will serve 
about 100 subscribers in this predomi- 
nantly Eskimo community. These sub- 
scribers will include a new hospital built 
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THIS BUILDING, near 
the center of Kotzebue, 
Alaska, will house the 
community's new dial 
telephone exchange, 
built by Stromberg- 
Carlson Division of 
General Dynamics Cor- 
poration. The Kotzebue 
exchange, part of the 
Trans-Alaska  Tele- 
phone Company, will 
be the northernmost on 
the American conti- 
nents, and, it is be- 
lieved, the only tele- 
Phone system north of 
the Arctic Circle. 


by the U. S. Bureau of Indian Affairs to 
provide medical care for the native popu- 
lation in the area. 

This will be a completely modern dial 
exchange, built by the Stromberg-Carlson 
Division of General Dynamics Corpora- 
tion, in Rochester, N. Y. In fact, Kotzebue 
will receive the first production model of 
Stromberg-Carlson’s new “Compak I” 100- 
line dial exchange. 

There is another innovation that will 
be enjoyed by Kotzebue telephone sub- 
scribers—the telephones that will go into 
service in the community's trading posts, 
business establishments, cabins, and homes 
will be Stromberg-Carlson’s line of 
“Petite” colored phones. 

Actually, there is no Eskimo word for 
telephone, but the fluid and oft-times in- 
genious Eskimo tongue has solved this 
problem by coining the word “Okoksoon,” 


THE NEW ‘“‘Okoksoon,”’ in Kotzebue, Alaska, 
is tried out by one of the Eskimo women in 
the village. It is one of Stromberg-Carison's 
“Petite’’ telephones, selected by Trans- 
Alaska Teleph Company as _ standard 
equipment in the Kotbebue telephone system. 
One of the reasons for this choice is that the 
“Petite” has a dial light, making it easy to 
find and use the telephone during the long 
Arctic night. 
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meaning, roughly, “to talk into a tele- 
phone.” 

Kotzebue is the second largest Eskimo 
village in Alaska, with a population of 
about 1,200, and with about 3,800 living 
in the area. Natives outnumber all others 
in the community by a ratio of about 20 
to 1. The village is named after Otto von 
Kotzebue, Russian explorer who was the 
first European to land in the area, in 
1816. Eskimos have lived there for thou- 
sands of years, however. 

The Kotzebue exchange is just one of 
a number of new dial telephone exchanges 
being planned by Trans-Alaska, which 
recently signed a $1.3 million contract 
with Stromberg-Carlson for equipment to 
implement its expansion program. The 
company, which serves a major portion of 
the 49th state, has general offices in 
Anchorage. EE 


High-Energy 
Electric Arc Heater 


A machine with the potential capabil- 
ity to supply a stream of gas at tempera- 
tures as high as 20,000 F and pressures 
as great as 15,000 psi has been devised 
by the Westinghouse Electric Corpora- 
tion. The machine, an electric arc heater, 
can operate for sustained periods of time 
and at an extremely low level of gas con- 
tamination. 

The arc heater has immediate appli- 
cation in a wind tunnel for missile test- 
ing. Also, 1t holds promise as a chemical 
synthesizer and as a furnace for process- 
ing metals with ultrahigh melting points. 
A prototype model of the machine has 
been operated at a power input of 1,700 
kw, but a high of 30,000 kw is planned 
by the company. 

Dr. J. A. Hutcheson, vice-president in 
charge of engineering for Westinghouse, 
credited the new arc heater with being 
the first to operate continuously and at 
a low level of gas contamination. 

“The temperature into the nozzle has 
been maintained at 10,000 degrees—ap- 
proximately as hot as the surface of the 
sun,” Dr. Hutcheson said. “In addition, 
flow from the nozzle of the unit has 
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reached a sonic velocity of 3,400 miles 
per hour. Velocities over ten times the 
speed of sound can be expected when the 
gases are expanded with a hypersonic 
exhaust nozzle. 

“Applying these characteristics to a 
wind tunnel will help duplicate the ex- 
treme conditions met by missiles and 
other space craft of the future upon re- 
entry into the earth’s atmosphere. 

“As a chemical synthesizer, the machine 
will supply the high temperatures neces- 
sary for inducing difficult chemical reac- 
tions. Nitrogen and oxygen, for instance, 
could be combined in the heat chamber 
to form nitrous oxide, a compound wide- 
ly used in chemical processing. A synthe- 
sizer of this type could also find appli- 
cation in processing petroleum products.” 

Dr. Hutcheson said that the unit’s po- 
tentialities as a furnace might make a 
number of refractory metals available in 
ingot form for the first time. Normally 
used in powder form, metals such as 
tungsten are difficult to process because 
of their high melting points. 

In all of these applications, the success 
of the arc heater “is generally dependent 
upon a low level of contamination,” he 
said. One of the problems involved in 
units under development during the past 
2 years is that electrodes and walls of the 
chamber burn and thus contribute im- 
purities amounting to as much as 10% 
of the mass of the gas flowing through the 
system, he explained. 

“The Westinghouse unit has a guar- 
anteed maximum contamination level of 
0.2%," he said. “Still further reductions 
in this level are contemplated. 

“In addition, we believe that the West- 
inghouse arc heater has a uniform tem- 
perature ‘profile’ within the heat cham- 
ber. In other words, the temperature at 
the entrance to the nozzle is constant.” 

The basic concept for the new arc 
heater was proposed by Dr. Werner Em- 
merich, research physicist at the Westing- 
house research laboratories. He conceived 
a scheme in which an electric arc, dissi- 
pating megawatts of electric power, can 
be maintained for prolonged periods of 
time to continuously transfer thermal en- 
ergy to a gas passing through the arc. 
This is done virtually without erosion of 
the electrodes, thus all but eliminating 
this cause of gas contamination. 

A key to the performance of the new 
machine lies in the design of the two 
electrodes which form the terminals for 
the arc. Each of these electrodes consists 
of a hollow donut-shaped ring placed 
horizontally, one directly above the other. 
Water is pumped through the hollow 
rings for cooling. 

An electric arc is started by drawing 
it across the gap between the two rings, 
and then rotated around the gap at a 
high rate of speed. 

Rotation of the arc is accomplished by 
a magnetic field from d-c coils arranged 
around the outside of the heat chamber. 
This rotation, combined with water-cool- 
ing, prevents the electrodes from heating 
to a point beyond the structural endur- 
ance of the material. Repeated tests of 
the unit have left the electrodes undam- 
aged, indicating a lack of contamination 
from this source. 

The working fluid, such as air or nitro- 
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gen, enters the arc chamber and _ passes 
into the arc through openings near a 
water-cooled copper heat shield. The 
water-cooled heat shield, which can with- 
stand arc temperatures well above 10,000 
F without eroding, protects the walls of 
the arc chamber. After leaving the arc, 
the fluid passes through a water-cooled 
nozzle. 

The new unit was designed and built 
by a group of engineers headed by Armin 
Bruning, who is in charge of advanced 
development for the marine, transporta- 
tion, and aviation facility engineering 
department at the company’s East Pitts- 
burgh, Pa., plant. 

The prototype arc heater was designed 
to accommodate a_ 1.2-pound-per-second 
flow of either air or nitrogen. The unit 
should be able to supply gas at 1,500 psi 
with a constant enthalpy of more than 
2,000 Btu per pound for as long as 10 
minutes without damage or measurable 
gas contamination. The efficiency of heat 
transfer to the gas is in excess of 50%. 

More than 50 tests of the prototype arc 
heater have been successfully completed, 
and testing will continue until the design 
limits of the equipment have been veri- 
fied. 

So far, the highest pressure at which 
tests have been conducted is 730 psi. 
Other tests with a power input of 549 
volts and 5,046 amperes (9,450 kw per 
pound per second) have raised the en- 
thalpy of air passing through the chamber 
4,670 Btu per pound. Equipment of this 
type can use either direct or alternating 
current, single or three phase. 

The arc heater was developed by West- 
inghouse specifically for use as a high- 
temperature air supply for the study of 
missile re-entry problems. A variation of 
the prototype model is now available to 
the aircraft industry for this application. 

Advances in arc-heater technology 
should Westinghouse to _ offer 
equipment to the metal, chemical, and 
petroleum industries within | or 2 years. 
It will find applications wherever gasses 
at extremely high temperature and pres- 
sure can be used to advantage. Presently, 
these industries have no practical means 
of producing temperatures of 10,000 to 
20,000 F in gases at high pressure over 
a sustained period of time. 
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The Westinghouse power circuit breaker 
department has product responsibility for 
the arc heater. This department has more 
than 60 years experience in arc control 
and power-circuit interruption. 

Main components of the equipment are 
an arc chamber and a power supply. The 
arc chamber consists of a heavy steel en- 
velope in which are housed the electrodes, 
the magnetic arc-rotator coil, a nozzle, 
and a variety of auxiliary mechanisms. 
The power supply for an a-c system in- 
cludes reactors, transformers, switchgear, 
and control circuitry. A d-c system which 
uses a rectifier can also be supplied. 

Depending = on wind-tunnel-facility 
power requirements, an arc heater with 
its power supply may cost from $500,000 
to $1,500,000. EE 


Productograph 
Industrial Control System 


The Productograph system, an advanced 
concept in industrial control which out- 
modes the paper-and-pencil method of 
keeping production data, is being intro- 
duced to American industry by the Far- 
rington Manufacturing Company, Presi- 
dent W. M. Tetrick announced recently. 

Productograph, a German system de- 
signed to reduce manufacturing equip- 
ment down time (idle time) and to record 
operations automatically, will be made, 
sold, and serviced in North America by a 
subsidiary of Farrington, Needham 
Heights, Mass. 

Custom designed to the requirements 
of each individual industry, the system 
is a front runner in the move to automate 
production control in Europe. It is in 
commercial operation in more than 200 
plants and industries there. 

There are presently two Productograph 
installations in this country—at The Holo- 
Krome Screw Corp. (a subsidiary of 
Veeder-Root, Inc.), Hartford, Conn., and 
at the Connecticut Bending and Stamping 
Works, New Britain, Conn. 

The system is keyed to a console receiv- 
ing unit, located in a production control 
center, which can supervise up to 200 
machines. 


GENERAL VIEW of Pro- 
ductograph console 
units controlling 40 
machines at Connecti- 
cut Bending and Stamp- 
ing Works. The pro- 
duction supervisor at 
the desk also computes 
incentive pay from the 
information recorded 
on the Productograph 
system. 
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Impulse transmitters—such as micro- 
switches, voltage relays, flow meters, and 
photoelectric cells—and a call station, in- 
stalled next to the production machine, 
provide instantaneous and continuous 
communications with the console oper- 
ator. 

Through this telecommunication  sys- 
tem, machine operating times, down times, 
and the causes for down times are auto- 
matically recorded audio-visually on a spe- 
cial graph and on a tape recorder. 

By using the call station, a simple con- 
trol panel, and 2-way telecommunication 
system, the individual machine operator 
can immediately inform the production 
control supervisor of the precise cause of 
the machine stoppage. 

In addition, the number of items being 
manufactured, time units, nominal and 
actual output are automatically tallied— 
both on electrical counters and on linear 
counters. The linear counters provide a 
visual record of the quantity of items pro- 
duced and production time elapsed. 

The production control supervisor, 
through the use of Productograph, can 
plan the manufacturing work schedule 
more efficiently and anticipate down times 
arising from machine breakdown, lack of 
materials, defective materials, or any other 
causes. 

The output of Productograph can be 
fed directly into accounting equipment 
and, in the future, may be fed into Far- 
rington Optical Scanners, unique reading 
machines which bridge the information 
feeding gap in automatic data processing, 
Mr. Tetrick said. 

Productograph will enable certain in- 
stallations to compute factory cost work, 
payrolls, and other accounting functions. 
Incentive payments for the machine 
worker can be computed and paid on the 
information recorded by Productograph 
console units. 

Productograph equipment has been 
used in Europe in many areas of manu- 
facturing, such as plastics, metalworking, 
silk weaving, paper, knitwear, glass, auto- 
motive, printing, foundries, packaging, 
chemicals, steel, wire cables, electrical and 
electronics, shipyards, coal mines, machine 
tools, household appliances, rubber and 
paint. 

Productograph can also be utilized out- 
side of the manufacturing field. In a 
large metropolitan German city, for in- 
stance, Productograph is being used to 
control the peak flow of city traffic. 

Mr. Tetrick said startling results have 
been reported by all users of Producto- 
graph. For example, the average down 
time for all reasons at a leading plastics 
plant in Germany has been reduced by 
86%, after 3 years of operation under the 
system. : 

Here in the United States, the two users 
report that down time has been reduced 
by 22% in about a year’s operation under 
the system. 

The North American rights to the man- 
ufacture and sale of this equipment were 
recently acquired by Farrington from 
Joseph Mayr, who invented and developed 
Productograph in his electrotechnical 
plant in’ Erlangen, West Germany. 
Siemens & Halske, A. G., of Munich, West 
Germany, has obtained the European 
rights. EE 
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Large Plexiglas Enclosure 
Increases Relay Station Capacity 


A 560-square-foot enclosure, made of 
transparent Plexiglas, has been installed 
by the New York Telephone Company at 
its microwave relay station on the 87th 
floor of the Empire State Building. This 
enclosure has enabled the station to in- 
crease the number of its transmission an- 
tenna discs from 4 to 12 on this side of 
the building. 

The purpose of the station is to relay 
television pictures from television cameras 
to broadcasting points. The station's 50- 
inch microwave disc antennas receive a 
television picture from the point of origin, 
e.g., a studio, sporting field, or celebrity's 
living room, and then transmit the picture 
to a specific broadcasting point, where the 
picture is retransmitted to the public, or 
to a closed-circuit audience. 

Because the antennas must be installed 
on the periphery of the building, it is 
necessary to protect them against the ele- 
ments—particularly the high winds (up to 
80 mph) frequently encountered from 
time to time atop the Empire State Build- 
ing. 

Prior to the installation of the large, 
“full-sweep” enclosure, the antennas were 
located on an open platform, just above 
the observation deck. Each individual 
transmission disc was protected by an 
igloo-shaped dome, also made of Plexiglas 
acrylic plastic, and these domes—7 feet 
in diameter by 9 feet high—occupied so 
much of the available platform area that 
there was room for only four antennas 
in the space. (There are also four dome- 
protected antennas on the west side of the 
building which have not yet been re- 
placed.) 

In addition to limiting the number of 
antennas that could be installed, the dome 
enclosures had other disadvantages. They 
tended to accumulate material from the 
air which adversely affected transmission, 
and they were exposed to possible break- 
age from falling ice which builds up on, 
and then drops from the building's high 
mast during fall and spring months. 

The new location on the 87th floor 
solves these difficulties. Here, there is no 
hazard from falling ice and there is now 
space for 12 antennas instead of only 4. 
The big discs are now mounted within the 
actual building area, but there are no 
walls or supporting structural members 
except behind the antennas. In front there 
is nothing but the Plexiglas enclosure 
between the transmission discs and the 
open space beyond the building. 

The plastic, weathertight enclosure ex- 
tends across the full width of one side of 
the 87th floor and continues around the 
portion of the two ends which have been 
included in the microwave transmission 
area (perhaps one third of the length of 
each end). 

The sheet Plexiglas used in the enclo- 
sure is formed into a special “flat-bot- 
tomed Vee” corrugation pattern. This cor- 
rugation serves a dual function; it stiffens 
the panels to enable them to withstand 
the high winds, and it eliminates objec- 
tionable microwave reflections that might 
occur from an unbroken flat surface. At 
the same time, the small flat section of the 
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THIS 6-ft high, corru- 
gated Plexiglas enclo- 
sure goes fully around 
the east side of the 
87th floor of the Em- 
pire State Building. 
The enclosure protects 
12 microwave disc an- 
tennas one of which is 
shown being installed. 


Vee provides a distortion-free, transparent 
area through which visual sighting is pos- 
sible as an aid in positioning the antennas. 
The panels are mounted with the cor- 
rugation in a vertical position to help 
shed moisture and dirt and the entire en- 
closure is installed with an inward slope 
from top to bottom to minimize further 
the problem of moisture and dirt accu- 
mulation. 

In selecting a material for the enclosure, 
a basic consideration was low absorption 
of the television beam’s energy. In addi- 
tion, a transparent material was desired, 
as previously explained, to facilitate the 
initial line-of-sight adjustment of the an- 
tenna direction. Also required was full 
weather resistance, superior strength, shat- 
ter resistance, and dimensional stability. 
Plexiglas acrylic plastic proved abie to 
meet all these requirements. 

Universal Unlimited, Inc., formed the 
special corrugations in the sheet Plexiglas 
in its fabricating shop in Glen Cove, N.Y., 
and this firm also handled the installation 
of the panels on the building. 

The greatest distance covered from the 
Empire State Building relay point is to 
Crow Nest Mountain at West Point, N.Y., 
over 40 miles away. For short distances, 
within a few blocks of the relay station, 
2-foot diameter discs may be used. 

Plexiglas is a product of Rohm & Haas 
Company, Washington Square, Philadel- 
phia, Pa. EE 


First State-wide 
Educational Television System 


South Carolina has placed in operation 
the initial phase of the first educational 
television system designed to reach schools 
throughout a state, it was announced 
jointly by state officials and the Radio 
Corporation of America (RCA). 

Fifteen schools already have been joined 
by a closed-circuit television cable hookup 
running 135 miles from Columbia, the 


Of Current Interest 


state capital, to Charleston. An additional 
65 schools are served by television stations 
WUSN-TV in Charleston and WNOK-TV 
in Columbia, broadcasting tape-recorded 
material prepared in the educational tele- 
vision system’s Columbia studio. 

A second cable will extend 85 miles 
northeast from the state capital to Flor- 
ence and a third leg will reach schools 
as much as 60 miles to the west of Co- 
lumbia in South Carolina’s mountain 
country. 

“This marks the start of a unique pro- 
gram to bring the best possible instruc- 
tion to classrooms in every corner of the 
state,” said R. L. Kalmbach, general man- 
ager, South Carolina Educational Tele- 
vision Center. “Our public school year 
covers 180 days. We intend to make full 
use of teaching by television on 160 of 
those 180 classroom days. 

“Through the medium of television, 
pupils in the smaller rural school and city 
school alike will receive the benefits of 
instruction by some of our most talented 
teachers,” Mr. Kalmabach said. “The indi- 
vidual classroom teacher is being given 
invaluable assistance by specialists on our 
education team.” 

Four subjects are included in the initial 
television curriculum—elementary algebra, 
advanced algebra, geometery, and South 
Carolina history. 

C. H. Colledge, division vice-president 
and general manager, RCA Broadcast and 
Television Equipment Division, said the 
main studio in Columbia would be “the 
envy of many commercial broadcasters.” 

“The South Carolina educational TV 
system is equipped to produce program 
material of the highest quality,” Mr. Col- 
ledge said, “both ‘live’ over the cable 
hookup and in the form of tape record- 
ings which may be used time and again.” 

Two key studio units are a pair of RCA 
monochrome television tape recorders, 
either of which can be adapted readily for 
color. Tapes prepared on these machines 
can be played back on any recorder. 

Mr. Kalmbach said that at the present 
time recordings are being made on an 


953 





average of 3 days in advance of their 
broadcast. Eventually, he said, lecture 
series will be made a week or more in ad- 
vance. 

“Use of the TV tape recorders will serve 
the best interests of pupil and teacher 
alike,” Mr. Kalmbach said. “The pupil 
will be given a polished, well-informed 
presentation and the television instructor 
will have his effort recorded for repeated 
use. 

The studio equipment complement also 
includes three RCA TK-1/ “live” image 
orthicon cameras and an RCA TK-21/ film 
chain, along with associated multiplexer, 
slide projector, and film projector. 

“The TV teacher will be able to use 
a wide variety of visual aid material, as 
well as the time-proven blackboard,” Mr. 
Colledge said. 

The complex job of shifting from one 
program source to another will be han- 
dled by an RCA advanced TS-40 tran- 
sistorized switcher. This unit completes 
a picture-to-picture transfer so swiftly— 
in the order of 1 microsecond—that there 
is no visible disturbance from the viewers’ 
standpoint. Coupled with the switcher is 
a highly flexible RCA special effects sys- 
tem with provision for up to 150 different 
transition patterns, as well as picture in- 
serts in a variety of shapes. The instruc- 
tor, for example, can be shown in one 
corner of the screen superimposed on a 
closeup of a demonstration subject. 

The South Carolina educational tele- 
vision project is the direct outgrowth of 
work done by a committee formed in 1958 
at the request of the state’s General As- 
sembly to study television as a means of 
upgrading the quality of classroom work. 

The closed-circuit system also will be 
made available to the state Department of 
Education for teacher training programs. 


EE 


Automatic Electronic 
Bank Bookkeeping System 
A vast, completely new, fully automatic 


electronic bank bookkeeping system went 
into operation recently at the nation’s 


oldest and Philadelphia’s largest bank, 
The First Pennsylvania Banking and Trust 
Company. 

Designed, developed, and built by Bur- 
roughs Corporation, the system consists of 
intricate subsystems linked together into a 
master system that ultimately will per- 
form all of the bank’s major accounting 
functions automatically through electron- 
ics. 

Check-out of the system is being con- 
ducted on the bank’s special checking 
accounts which brings into operation the 
latest of the subsystems to be installed— 
the B 301 Magnetic Document Processing 
System, an entirely new Burroughs devel- 
opment. 

The B 301 system uses MICR (Mag- 
netic Ink Character Recognition), the com- 
mon machine language principle as 
selected by the American Bankers Associ- 
ation for use throughout the United 
States. Thus, it uses actual MICR encoded 
media (checks and deposit tickets) as the 
input “trigger” of the system. 

With the addition of a B 30/ to the 
Burroughs 220 computer, the master sys- 
tem can operate directly from MICR en- 
coded media as well as from punched 
paper tape, punched cards, or magnetic 
tape input, it was pointed out, making it 
the most flexible bank automation system 
yet devised and placed in operation. 

Operating from precoded MICR cus- 
tomer checks, the B 30] system will elec- 
tronically read the checks, edit the coded 
data, sort, accumulate totals, classify, print 
listings, and convert acceptable informa- 
tion to magnetic tape for subsequent han- 
dling by other subsystems, including the 
220 computer and an_ ultra-high-speed 
printer. 

At speeds of 750 lines of 120 characters 
per minute, (maximum capability of 1,500 
numerical lines per minute) statements are 
prepared by the high-speed printer at 
1400 statements per hour. The check 
processor-reader used in First Pennsyl- 
vania’s system reads and sorts items auto- 
matically at speeds up to 1,560 items per 
minute. 

These are the subsystems linked  to- 
gether to form the master system: (a) doc- 
ument encoding and proof system, (b) doc- 


THE Burroughs B 301 
Magnetic Document 
Processing System is 
the heart of the auto- 
matic electronic bank 
bookkeeping system 
installed in the First 
Pennsylvania Banking 
and Trust Company. 
Thesystemreads, 
sorts, edits informa- 
tion encoded in mag- 
netic ink on checks, 
etc.; and records the 
information on mag- 
netic tape for the Bur- 
roughs 220 computer. 
Shown are two Bur- 
roughs sorters, a con- 
trol unit (background), 
magnetic tape trans- 
port (left), and electro- 
static printer (right). 
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ument sorter and processing system, (c) 
sorter-lister-converter system, (d) data- 
processing computer with magnetic tape 
units, and (e) high-speed printer system. 


AGS Begins Operation 
at Brookhaven Laboratory 


Commissioner J]. S. Graham, acting 
chairman of the Atomic Energy Commis- 
sion (AEC), announced that the alter- 
nating Gradient Synchrotron (AGS) at 
Brookhaven National Laboratory, one of 
the world’s two largest operating particle 
accelerators, ran for the first time July 
29, 1960, producing at 4:15 p.m. a beam 
of protons at an energy of more than 30 
billion electron volts (bev). This is the 
highest energy ever attained by a particle 
accelerator. Before reaching this energy, 
the AGS had run for about an hour at 
24 bev. 

“The Commission is gratified that 
Brookhaven has successfully completed 
and operated the Alternating Gradient 
Synchrotron,” Commissioner Graham said. 
“It is appropriate,” he noted “that this 
fine new research tool is located at the 
Brookhaven National Laboratory, for it 
was there, in 1952, that the principle of 
strong focusing of the particle beams was 
discovered. If this discovery had not been 
made, the magnet for an accelerator ca- 
pable of reaching the desired energy 
would have been prohibitively large and 
expensive. 

The completion of the AGS represents 
an important step forward in AEC-spon- 
sored studies of nuclear forces and the 
properties in subnuclear particles. It will 
enable scientists in the United States to 
study nuclear interactions at energies 
about five times greater than ever before 
possible. Another accelerator, quite similar 
in design and size to the AGS, has been 
completed at the European Organizaion 
for Nuclear Research (CERN) Labora- 
tory, near Geneva, Switzerland. The 
CERN Proton Synchrotron first produced 
a proton beam of 24 bev on November 24, 
1959, and has since been run at 28 bev. 

Since 1954, the most powerful accelera- 
tor in this country has been the 6.2-bev 
Bevatron at the University of California's 
Lawrence Radiation Laboratory. With a 
machine in the 30-bev range, physicists 
at Brookhaven expect to learn more about 
the many kinds of particles, such as 
mesons and hyperons, and the various 
“antiparticles,” that are produced in tar- 
get nuclei by bombarding them with high- 
energy protons. 

Construction of the AGS, which includes 
240 magnets placed in a ring-shaped 18- 
foot-square tunnel 14 mile in circumfer- 
ence, was started in late 1955, following 
several years of preliminary design work. 
The total cost of this latest AEC research 
facility, including a  60,000-square-foot 
service and laboratory building and an 
85,000-square-foot experimental building, 
is approximately $31 million. 

Perhaps the best way to describe the 
AGS is to follow a beam of protons from 
its point of origin until it reaches the 
desired energy of 25 to 30 bev. These pro- 
tons are accelerated in three stages. The 
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first stage utilizes a Cockcroft-Walton gen- 
erator, where protons (hydrogen atoms 
stripped of their electrons) derived from 
a low-pressure hydrogen gas discharge are 
accelerated to 750,000 volts. The second 
stage of acceleration takes place in the 
linear accelerator, or “linac.” In the 110- 
foot-long vacuum tank of the linac the 
protons are given an incremental velocity 
as they pass through each gap between 
124 accelerating electrodes activated by a 
high-frequency electrical source. The pro- 
ton beam, having now reached an energy 
of 50 million electron volts, is guided 
from the linac into the main synchrotron 
magnet ring through an elaborate injec- 
tion system of debunching (smoothing out 
the pulses as they come from the linac), 
deflecting, focusing, and monitoring 
equipment. The third stage of accelera- 
tion is performed in a 14-mile circular, 
concrete-lined tunnel buried under 12 
feet of earth. This tunnel houses the mag- 
net assembly for the AGS. It is the func- 
tion of the main magnet, which is divided 
into 240 units each weighing some 16 
tons, to bend the protons into a circular 
racecourse, and to apply strong focusing 
forces which always tend to bring the pro- 
tons back toward their orbit within the 
vacuum chamber whenever they tend to 
stray away from it. Thus, the synchro- 
tron’s magnetic field must become stronger 
during the acceleration period. Since the 
vacuum pipe is only 6 inches wide and 
234 inches high, a small fraction of the 
ring’s width, the magnet must be set and 
aligned to the greatest attainable pre- 
cision. 

Ihe magnet itself does not increase the 
energy of the beam. This is done by 12 ra- 
dio-frequency accelerating stations around 
the ring, each one accelerating the beam 
by 8,000 volts each time it passes. Thus, 
for each circuit around the ring the pro- 
tons gain some 100,000 electron volts. 
Consequently, in order to reach the final 
energy of 30 bev, approximately 300,000 
revolutions must be made in one second, 
or 160,000 miles. Toward the end of this 
}-second acceleration period, the protons 
are traveling at a velocity within a frac- 
tion of one-tenth of one per cent of the 
speed of light, or approximately 186,000 
miles per second. At this velocity, the mass 
of the protons has been increased more 
than 30 times, as predicted by Einstein’s 
theory of relativity. 

The proton beam is then directed at 
appropriate target substances, thus pro- 
ducing reactions which can be studied by 
means of the emitted radiations. It is ex 
pected that eventually the primary beam 
can be made to do double duty by mag- 
netically deflecting it from the vacuum 
chamber and guiding it into the experi 
mental area, where a number of separate 
experiments can be installed along the 
path of the beam and different portions 
used simultaneously. 

Most of the elementary particles pro- 
duced by the interaction of the high- 
energy protons with the nuclei of the tar- 
get atoms exist outside the atom for only 
a fraction of a millionth of a second be- 
fore they decay into other particles or 
change their mass completely into energy. 
These brief lifetimes, however, are long 
enough for the particles to be detected by 
instruments—counters, bubble chambers, 
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or photographic emulsions—and to deter- 
mine their mass, electrical charge, and 
other properties, or to observe the results 
when they impinge on secondary targets. 

EE 


Heat Lamps Aid Space Program 
By Simulating Thermal Barrier 


The “thermal barrier,” a major obstacle 
to man’s successful venture into space, is 
being overcome with the aid of a modern, 
sophisticated version of the common light 
bulb. 

The role of the lamp in space research 
was discussed by W. F. Hodge, engineer 
for General Electric’s large lamp depart- 
ment, who described the device as a tu- 
bular, pencil-thin quartz infrared lamp, 
capable of producing the intense concen- 
trations of energy required to simulate 
heating conditions which exist when a 
space vehicle enters the earth’s atmos- 
phere. 

By pretesting the heat resistance of ma- 
terials, structural parts, models or whole 
structures of missiles, space vehicles, and 
aircraft, the nation is able to facilitate 
its program in these fields, he said. 

Temperatures of more than 3,000 F, 
about one third the temperature of the 
surface of the sun, are being created by 
closely arrayed banks of the tubular lamps 
in overvoltage operation, according to 
Mr. Hodge. 

He said the fast heating and cooling 
characteristics and low thermal capacity 
of quartz infrared lamps make them “by 
far the most satisfactory device” for ther- 
mal barrier simulation. 

Temperatures in this work must be 
varied rapidly and controlled accurately 
to produce the same temperature condi- 
tions actual missiles would develop in 
passing through various regions of the 
earth's atmosphere, it was explained. 

The maximum wattage a quartz lamp 
can withstand is determined by the melt- 
ing point (about 6,100 F) of the tungsten 
filament. Lamps designed for 200 watts 
per inch, now being used in thermal bar- 
rier simulation, have been operated suc- 
cessfully for a few seconds, at 1,000 watts 
per inch. 

The engineer revealed that a new lamp 


THERMAL BARRIER 
temperatures are sim- 
ulated in this nose 
cone test at the Na- 
tional Aeronautics and 
Space Administration's 
Langley Research Cen- 
ter in Virginia. Heat 
produced by 225 2,- 
500-watt tubular Gen- 
eral Electric quartz in- 
frared lamps in the 
cylindrical radiator 
reaches 3,100 F, about 
one third as hot as the 
surface of the sun. 
Such tests facilitate 
the nation's efforts to 
overcome re-entry 
problems. 
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General Electric now has under develop- 
ment is designed to operate at 360 watts 
per inch but is capable of operating at as 
high as 1,500 watts per inch for very 
short periods. 

It was stated that the operating life of 
quartz infrared lamps of the type used in 
aircraft and missile structure testing re- 
cently had been improved by using plati- 
num lead-in wires. While oxidation causes 
the standard seal with molybdenum lead- 
in wires to break down at 650 F, the new 
seal will last for 100 hours or more at tem- 
peratures of around 1,500 degrees. Lamps 
with the new seal now are available in 
eight sizes, ranging from 500 to 5,000 
watts. EE 


Electronic De-Icers Chosen 
For Navy’s Light Twin Planes 


A new electric propelier de-icing system 
developed by B. F. Goodrich Aviation for 
twin-engine aircraft has been selected by 
the U. S. Navy as equipment for 20 Piper 
Aztec planes recently purchased for per- 
sonnel transportation. 

P. W. Perdriau, general manager of the 
B. F. Goodrich division, said it is the first 
electric de-icing system for planes of this 
size. It has been certified by the Federal 
Aviation Administration as a “non-hazard 
installation” on the Beech 95 Travel Air, 
Piper Apache, and Aztec. 

It will be supplied in kit form for Aero 
Commander, Cessna 310, Beechcraft D&E- 
18, Twin Bonanza, and Model 95. 

The new system, used by airlines and 
the military for much larger planes, is 
comparable in cost with conventional al- 
cohol de-icers that weigh two to five times 
as much. It eliminates the weight of al- 
cohol, tanks, pumps, valves, motors, and 
rheostats required by other systems. 

The electric system weighs 8 to 10 
pounds complete, depending on the make 
and model of aircraft. This compares with 
approximately 35 pounds for a conven- 
tional alcohol system for a similar light 
plane. 

The electric de-icer provides consistent 
protection against ice for unlimited pe- 
riods while alcohol systems are limited by 
the amount of alcohol carried to operate 





ELECTRIC propeller de- 
icing system devel- 
eped by B. F. Good- 
rich for light aircraft 
is installed on a Piper 
Aztec at the company’s 
Aviation Products Di 
vision, Akron, Ohio. 
The new system, re- 
cently adopted by the 
U.S. Navy for 20 per- 
sonnel-carrying Aztecs, 
is comparable in cost 
with conventional alco- 
hol systems that weigh 
two to five times more. 


the de-icer. The de-icer requires only 9 
to Il amperes to operate both propeller 
assemblies. 

The only exposed parts are the light- 
weight, rubber-protected heating elements 
bonded to the propeller blades. EE 


Improved Sight 
For “Electronic Eyes” 


Development of a new photoemissive 
material that permits “electronic eyes’ to 
operate at high temperatures was an- 
nounced recently by the Westinghouse 
Electronic Tube Division. 

The search for a more versatile photo- 
emitter, which translates light into elec- 
tric signals, was conducted by Westing- 
house for the U. S. Navy, Bureau of Ships, 
as part of the long-range supporting re- 
search program of the Department of 
Defense. Photoemission provides the oper- 
ating principle for a variety of photo- 
electric tubes, including television camera 
tubes and light amplifiers. 

Dr. W. H. McCurdy, manager of the 
division’s applied research department, 
said the new photoemitter can consider- 
ably improve the reliability of light- 
sensing devices for space vehicles and othe 
equipment that must operate under high- 
temperature conditions. 

Chief advantage of the new photo- 
emitter is its ability to function efficiently 
for long periods at temperatures twice 
the range of present types. In addition, 
its high sensitivity allows it to operate at 
low light levels. 

Dr. McCurdy reported that tests on the 
new material show excellent stability when 
operated as long as 140 hours at 120 C 
—well above the boiling point of water. 
“Other photoemissive surfaces begin de- 
teriorating at about 60 C,” he said, “and 
they suffer a large loss in sensitivity after 
100 hours at the 120-degree level.” 

The new photoemitter uses a semitrans- 
parent combination of antimony, potas- 
sium, and sodium deposited as a thin 
semitransparent layer on glass. Light strik- 
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ing the layer causes the material coating 
to release electrons which generate an 
electric signal. EE 


NEW BOOKS 


The following new beoks are among those 
recently received at the Engineering Societies 
Library. Unless otherwise specified, beoks listed 
have been presented by the publishers. The 
Institute assumes no responsibility fer state- 
ments made in the following summaries, infor- 
mation for which is taken from the prefaces 
of the books in question. 


ADVANCES IN COMPUTERS, VOLUME lI. 
Edited by F. L. Alt. Academic Press, Inc., 111 
Fifth Ave., New York 3, N. Y., 1960. 316 pages, 
6% by 9% inches, bound. $10. This volume is 
the first in a series intended to survey progress 
in computer programming at frequent intervals 
and to present the information to others than 
specialists in the field. The six papers contained 
here are on methods of programming for busi- 
ness, scientific, and lingual applications. Auto- 
matic translation of languages, machine recog- 
nition of spoken words, programming for 
games, numerical weather predictions, general 
business applications, and binary arithmetic 
useful in designing computing equipment, are 
the specific topics covered. 


ADVANCES IN ELECTRONICS AND ELEC- 
TRON PHYSICS, VOLUME XII: Photo-Elec- 
tronic Image Devices. Edited by J. S. McGee 
and W. L. Wilcock. Academic Press, Inc., 111 
Fifth Ave., New York 3, N. Y., 1960. 397 pages, 
64 by 9% inches, bound. $12. These 30 papers 
(2 in French) by authors from England, 
France, Germany, the Netherlands, and the 
United States, were presented at a symposium 
held at London University (1958), devoted to 
photoelectronic image devices. The editors 
regret the absence of any papers on solid-state 
image intensifiers, and of any Russian papers. 
A large part of the symposium was concerned 
with the application of photoelectronic image 
devices to the luminescent particle-track 
chamber. 


ADVANCES IN SPACE SCIENCE, VOLUME 
II. Edited by F. I. Ordway, HI. Academic 
Press, Inc., 111 Fifth Ave., New York $3, N.Y., 
1960. 450 pages, 6% by 9% inches, bound. 
$13. In this volume seven American scientists 
contribute detailed chapters covering six major 
areas of space science-space physics: ‘‘the mar- 
riage of geophysics and astrophysics to rocket 
technology”; the basic scientific and technolo- 
gical purposes and the current methods of 
tracking of space exploration vehicles; the 
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behavior of materials in the space environ 
ment; plasma propulsion devices; electrostatic 
propulsion devices; and attitude control of 
space vehicles. 


AUTOMATIC LANGUAGE TRANSLATION. 
By A. G. Oettinger. Harvard University Press, 
Cambridge, Mass., 1960. 380 pages, 64% by 9% 
inches, bound. $8.50. Presenting the results of 
10 years of study of the problems of auto- 
matic translation, this book emphasizes funda- 
mental lexical and technical aspects, reflecting 
the author's conviction that an Operating au- 
tomatic dictionary is a basic requirement for 
the eventual development of an automatic 
translator. The investigations were confined 
to translation from Russian to English, and 
this book describes in detail a proven system 
of automatic dictionary compilation and oper- 
ation in that area, as well as one adaptable to 
other pairs of languages. The final chapter 
discusses affix interpretation—the extension of 
an automatic dictionary toward an automatic 
translator. 


AVIONICS RESEARCH: SATELLITES AND 
PROBLEMS OF LONG RANGE DETEC- 
TION AND TRACKING. (AGARDograph 
No. 40). Edited by E.V.D. Glazier and others. 
Pergamon Press, 122 E. 55th St., New York 
22, N.Y., 1960. 257 pages, 64% by 10 inches, 
bound. 63s. The first six papers of the pro- 
ceedings of the 1958 AGARD Symposium on 
the Detection and Tracking of Targets at 
High Altitudes and Extreme Ranges are theo- 
retical discussions of radar, particularly iono- 
spheric radar and its use in long-range track- 
ing. Other papers record practical experiences 
with radar, such as echoes received from earth 
satellites Alpha and Beta, and satellite ob- 
servations made with the Millstone Hill Radar. 
Papers dealing with aspects of radio astron- 
omy include those discussing observations of 
and propagation from the Russian earth sat- 
ellites, radio-signal-strength records from the 
Explorer satellites, tracking from the Cali- 
fornia co-ordinated doppler receiving stations, 
and the 40-mc “‘Image”’ signals from the Alpha 
satellite. 


CRYSTAL-STRUCTURE ANALYSIS. By M. 
J. Buerger. John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16, N.Y., 1960. 668 
pages, 6 by 9% inches, bound. $18.50. This 
introduction to the subject describes the meth- 
ods of finding the locations of the atoms in 
the unit cell and the theories on which they 
are based. Opening with consideration of 
fundamental diffraction relations and the dif- 
fraction of X rays by crystals, the author next 
discusses selection of material suitable for 
crystal-structure analysis, and the measurement 
of, and geometrical and physical factors af- 
fecting, intensities. He then covers the num- 
ber and distribution of atoms in the unit cell, 
the structure-factor and structure-factor calcu- 
lations, and examples of the determination of 
some simple crystal structures. The use of 
Fourier syntheses in analysis is dealt with at 
length, including discussion of reciprocal space 
and symmetry and their application in Fourier 
summations. The final chapters deal with 
phase and direct determinations, refinement, 
and the calculation of interatomic distances 
and angles. This is a companion volume to the 
author's “Vector Space and Its Application in 
Crystal-Structure Investigation” (Wiley, 1959), 
which deals with advanced topics not covered 
here. 


DIGITAL COMPUTER AND CONTROL 
ENGINEERING. By R. S. Ledley. McGraw- 
Hill Book Company, Inc., 330 W. 42nd St., 
New York 36, N.Y., 1960. 835 pages, 6% by 
9M inches, bound. $14.50. This comprehensive 
elementary engineering textbook presents the 
— aspects of digital computers and con- 
trols for the student engineer. The first part 
covers general concepts of programming ap- 
plicable to any computer, and concludes with 
an exposition of the International Algebraic 
Language ALGOL. Digital systems design 
based on numerical analysis and data proc- 
essing, and logical design of digital circuits 
utilizing “designation numbers’ and applied 
to all types of arithmetic compounds, are 
developed and explained. The final part deals 
with the electronic design of digital circuits, 
utilizing solid-state and magnetic core com- 
ponents. 
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ENGINEERING Societies Library books, 
except bibliographies, handbooks, and 
other reference publications, may be bor- 
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prepares bibliographies, maintains search 
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ELECTROMAGNETIC WAVE PROPAGA- 
TION. Edited by M. Desirant and J. L. Mi- 
chiels. Academic Press, Inc., 111 Fifth Ave., 
New York $3, N.Y., 1960. 730 pages, 6 by 9% 
inches, bound. $22. The papers presented at 
one of the International Scientific Conferences 
sponsored by the Postal and Telecommunica- 
tions Group of the 1958 Brussels International 
Exhibition form the contents of this book. 
There are 54 papers (4 in French, 4 in Ger- 
man), discussing various aspects of recent de- 
velopments and scientific progress in the study 
and use of electromagnetic wave propagation. 


ELECTRONIC PROCESSES IN’ SOLIDS. 
Based on lectures given by P. R. Aigrain. 
Edited by R. J. Coelho and Gianni Ascarelli. 
John Wilev & Sons, Inc., 440 Fourth Ave., 
New York 16, N.Y., 1960. 67 pages, 6 by 9% 
inches, bound. $4. This monograph is an 
extension and modification of 8 lectures pre- 
senting the physical background of electric 
conduction phenomena in crystals, originally 
given in 1957 at Massachusetts Institute of 
Technology by visiting Webster Professor 
{E.E.) P. R. Aigrain. A fair background in 
calculus and elementary wave mechanics is 
needed. The 15 short sections study the mo- 
tion of electrons without and with an applied 
held, formulation and solution of the elec- 
tronic wave equation, conduction theory and 
phenomena, transport theory, statistical me- 
chanics of electrons in solids, and phonon and 
nonintrinsic scattering of electrons. 


ELECTRONICS FOR SPECTROSCOPISTS. 
(Schwartz Memorial Volume). Edited by C. G. 
Cannon. Interscience Publishers, Inc 250 
Fifth Ave., New York 1, N.Y., 1960. 333 pages, 
5% by 8% inches, bound. $9.50. This volume 
contains lectures of a special course given at 
Southampton University (England), 1949-50, 
to meet the need for knowledge of the elec- 
tronic techniques used in spectroscopy by 
those engaged in the field. The 14 papers 
discuss a-c theory, tvpes and desien of amoli- 
fiers, feedback, power supplies, noise, semi- 
conductors in radiation detection, photoelec- 
tric devices and their applications in the 
visible and ultra-violet regions, various aspects 
of infrared spectrometry, and special optical 
problems. 


FUEL CELLS. Edited by G. J. Young. Rein- 
hold Publishing Corporation, 430 Park Ave., 
New York 22, N.Y., 154 pages, 64 by 9% 
inches, bound. $5.75. This volume contains the 
papers and subsequent panel discussion heard 
at a 1959 Symposium sponsored by the Ameri- 
can Chemical Societv. The nine papers include 
a general introduction to fuel cells, and dis 
cussion of high- and low-temperature hvdro- 
gen-oxvgen fuel cells, carbonaceous fuel cells, 
the electrode processes in fuel gas cells, molten 
alkali carbonate cells, catalysis of fuel-cell 
electrode reactions, and electrode kinetics of 
low-temperature hydrogen-oxygen fuel cells. 


INFRARED RADIATION. By H. L. Hack- 
forth. McGraw-Hill Book Company, Inc., 330 
W. 42nd St., New York 36, N.Y., 1960. 303 
pages. 6% by 9% inches, bound. $10. This 
0k presents information on the components 
of infrared radiation units and the laws of 
physics by which they operate. It then out- 
lines the applications and potentialities of 
infrared in science, medicine, technology, and 
industry. A generalized infrared system is de- 
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veloped step by step from the source of the 
signal through the methods of transmission to 
the final display. The latest material on infra- 
red artificial sources, research in wavelength 
transmission, infrared instruments, detectors, 
and spectroscopy is given. 


AN INTRODUCTION TO LINEAR PRO- 
GRAMMING AND THE THEORY OF 
GAMES. By S. Vajda. John Wiley & Sons, 
Inc., 440 Fourth Ave., New York 16, N.Y., 
1960. 76 pages, 542 by 8% inches, bound. 
$2.25. This is an elementary British treatment 
of two mathematical techniques fundamental 
to Operational (Operations) Research. Linear 
programming is dealt with mainly as a simple 
numerical method, examining the transporta- 
tion problem, graphical representation, the 
Simplex Method, complications and their reso- 
lution, and dualitv. The theory of games is 
evolved from the basis of linear programming 
and includes discussion of normalization, 
graphical representation, nonzero-sum games, 
more-person-games, and infinite games. 


KRANKHEITEN ELEKTR‘ISCHER MASCH- 
INEN, TRANSFORMATOREN UND APPA- 
RATE. By Robert Spieser. Second edition. 
Springer-Verlag, Berlin, West Germany, 1960. 
376 pages, 642 by 9/2 inches, bound. DM 48. 
The need for collected information on electri- 
cal plant troubles has inspired this German 
treatise on causes, results, cure, and preven- 
tion of faults and failures in heavy current 
machines, apparatus, and plant. The book 
covers installation and operational faults of 
electrical machines, transformers and auxil- 
iary apparatus, with particular reference to 
the materials emploved and the troubles di- 
rectly resulting from them. 


PHYSICS OF THE UPPER ATMOSPHERE. 
Edited by J. A. Ratcliffe. Academic Press, Inc., 
111 Fifth Ave., New York 3, N.Y., 1960. 586 
pages, 644 bv 9% inches, bound. $14.50. 
Eleven chapters of this book are detailed 
monographs on particular topics by specialists, 
all concerned with that part of the atmo- 
sphere above the height of 60 km. These deal 
with the thermosphere, the ionosphere, the 
properties and constitution of the upper at- 
mosphere and its studv bv rockets and satel- 
lites, the airglow, general characteristics of 
auroras and their study by means of radar, 
interpreta‘ion of the auroral snectrum, and 
consideration of geomaenctisn and meteors 
in the upper atmosphere. The final chapter 
contains brief comment on advances during 
the IGY 1957/58 in each field, written by the 
author of the relevant chap:er of this book. 


PROGRESS IN CRYOGENICS, Volume 2. 
Edited by K. Mendelssohn. Academic Press, 
Inc., 111 Fifth Ave., New York 3, N.Y., 1960. 
280 pages, 6% by 10 inches, bound. $11.50. 
Volume 2 of the series summarizing articles 
on the whole field of low-temperature methods 
and techniques, as distinguished from low- 
temperature physics or chemistry presents 
papers on the storage and handling of cryo- 
genic liquids; the gas refrigerating machine; 
bubble chambers: resistance thermometers; 
the 3-level solid-state maser; methods of nu- 
clear orientation; the 1958 scale of tempera- 
tures for the liquid helium-4 region; and in- 
dustrial low-temperature distillation for deu- 
terium. 


PROPERTIES OF ELEMENTAL AND COM- 
POUND SEMICONDUCTORS. Edited by 
H. C. Gatos. Interscience Publishers, Inc., 250 
Fifth Ave., New York I, N.Y., 1960. 340 
pages, 6% by 9% inches, bound. $8.50. This 
volume contains the papers and discussions of 
a Technical Conference (September 1959) 
sponsored by the Semiconductors Committee 
of the Metallurgical Society and the Boston 
Section of the American Institute of Mining, 
Metallurgical and Petroleum Engineers. The 
first four sections of the book deal with metal- 
lurgical and chemical aspects, solid-state and 
surface reactions, chemical and lattice defects, 
and physical properties and device applica- 
tions. The final section of the book is a record 
of a panel discussion on the role of disloca- 
tions in device properties. 


THE RADIO NOISE SPECTRUM. Edited by 
D. H. Menzel. Harvard University Press, Cam- 
bridge, Mass., 1960. 183 pages, 642 by 92 
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inches, bound. $7.50. This book deals with 
the problem of radio noise and its sources, 
whether man-made or natural, over the known 
range of frequencies. The information pre- 
sented will aid the communicator in estimat- 
ing potential interference from various types 
of sources and will stimulate scientific thought 
on the origins and significance of character- 
istic noise radiations. Some of the topics in- 
cluded are meteor scatter, whistler-mode prop- 
agation, noise of planetary origin, noise maps, 
cosmic radio noise, electromagnetic emission 
from meteors, and interstellar hydrogen. 


TECHNIK DER MAGNETSPEICHER. Edited 
by Fritz Winckel. Springer-Verlag, Berlin, 
West Germany, 1960. 614 pages, 642 by 9% 
inches, bound. DM 72. In this treatise on the 
varied and expanding field of magnetic re- 
cording, the uniform physical aspects are de- 
veloped in order to assist the practical engi- 
neer in this fairly new technique. Also dis- 
cussed are the practical applications of the 
tape: in computers; in sound technique for 
radio and film; in magnetic television rec- 
ords; and, finally, in the manv branches of 
industry for measuring, supervising, control, 
automation, etc. The appendix includes con- 
version tables and a subject index. 


WELDING HANDBOOK, SECTION THREE: 
MISCELLANEOUS METAL JOINING AND 
CUTTING PROCESSES. Edited by A. L. 
Phillips. Fourth edition. American Welding 
Society, 33 W. 39th St., New York 18, N-Y., 
1959. Various pagings, 6 by 9% inches, bound. 
$9. Inclusion of chapters on the adhesive 
bonding of metals and the welding of plastics 
in this handbook marks the recognition by 
the AWS of adhesives as structural materials 
and of plastics as weldable materials. Other 
topics covered include forge, thermit, induc- 
tion, ultrasonic, and stud welding, welding by 
cold working, surfacing, brazing, soldering, arc 
and oxygen cutting, and metal and ceramic 
spraying. Section | of the Handbook—General; 
Section 2—Gas, Arc, and Resistance Welding 
Processes; Sections 4 and 5 to follow. 


PROGRESS IN NON-DESTRUCTIVE TEST- 
ING, Volume 2. Edited by E. G. Stanford and 
. H. Fearon. The Macmillan Company, 60 
Fifth Ave., New York II, N.Y., 1960. 250 
pages, 6% by 10 inches, bound. $12. This is 
the second volume in a series of annual criti- 
cal reviews on international progress in non- 
destructive testing. Papers included cover the 
uses of radiology with high-energy X rays, 
electrical methods, radioisotopes, ultrasonic 
waves, and paramagnetic resonance in this 
type of testing. The theory and practical ap- 
plication of these methods of studying and 
detecting flaws in metal structure are pre- 
sented, as well as studies of aging and pre- 
cipitation in metals using anelastic damping 
measurements. The mechanical testing of high 
polymers is also dealt with. 


REACTOR HANDBOOK, Volume I: Mate- 
rials. Edited by C. R. Tipton, Jr. Second 
edition, Interscience Publishers, Inc., 250 Fifth 
Ave.. New York 1, N.Y., 1960. 1207 pages, 
7% by 10 inches, bound. $36.50. Th's revised 
compilation of data on reactor materials is 
organized along the lines of the functional 
utilization of the materials within a reactor, 
thus extending the coverage to include liquids 
and gases as well as solids. Other additions 
include information from the results of re- 
search published since 1955, including that 
on irradiation behavior. The contributors are 
American, but international research and lit- 
erature has been used as source material. A 
general section contains papers on_ health, 
safetv, and radiation damage. The other sec- 
tions cover fuel materials, cladding and struc- 
tural materials, control materials, moderator 
materials, coolant materials, shielding mate- 
tials. The $2-page appendix is a selected list 
of literature references on binary constitu- 
tional diagrams. 


THE RELAY PROTECTION OF HIGH 
VOLTAGE NETWORKS. By G. I. Atabekov. 
Pergamon Press, 122 E. 55th St., New York 
22, N.Y., 1960. 564 pages, 6% by 10 inches, 
bound. $14. This English edition of a Russian 
work deals with the theoretical aspects of the 
subject for specialists in the field. Relevant 
aspects of sequence networks, the vector locus 





method, symmetrical component filters, power 
directional devices, and the principles of con- 
struction and methods of theoretical analysis 
of systems of transmission line and bus-bar 
protection are discussed. Also included is 
consideration of the principles of auxiliary 
devices which serve for the selection of the 
faulty phase and for preventing the incorrect 
operation of protective gear during swings 
and for faulty conditions in the secondary 
windings of voltage transformers. 


SELF-SATURATING MAGNETIC AMPLI- 
FIERS. By G. E. Lynn and others. McGraw- 
Hill Book Company, Inc., 330 W. 42nd St., 
New York 36, N.Y., 1960. 217 pages, 6% by 
9% inches, bound. $8. This is a thorough 
treatment of the subject which should interest 
both the practicing engineer and the student. 
Introductory chapters cover basic fundamen- 
tals and material properties, and include re- 
views of transformer theory and magnetic 
theory. A later chapter is a refresher on feed- 
back theory. The remaining chapters discuss 
in detail the mechanics of operation, design 
methods for typical circuits, special design 
problems, and applications of self-saturating 
magnetic amplifiers. 


STATISTICAL PROCESSES AND RELIA- 
BILITY ENGINEERING. By D. N. Chorafas. 
D. Van Nostrand Co., Inc., 120 Alexander St., 
Princeton, om by 1960. 438 pages, 64% by 9% 
inches, bound. $12.75. This book treats sta- 
tistics as a fundamental tool of scientific in- 
vestigation, presenting and explaining its laws, 
and its relationships with engineering disci- 
plines and practices. A systematic and mathe- 
matically complete presentation of statistical 
techniques is followed by discussion of statis- 
tical methods in the testing of hypotheses. 
The next three sections of the book describe 
in detail stochastic processes, information 
processes, and quality control. The final sec- 
tion, the climax of the whole discussion, con- 
siders the use of probability theory in design- 
ing for reliability and in reliability tests of 
products—that is, “reliability engineering.” 


TECHNICAL COMMUNICATION. By G. C. 
Harwell. The Macmillan Company, 60 Fifth 
Ave., New York Il, N. Y., 1960. 332 pages, 
6 by 8% inches, bound. $5. Written with the 
engineering student in mind, this book will 
also be useful to the practicing engineer and 
those in some other professions. The first 
three chapters discuss the qualities of good 
writing, the organization of material, and the 
use of exposition. The business letter is cov- 
ered in detail. There is an extended treatment 
of reports and information on technical arti- 
cles, magazine writing, oral communication, 
and the use and preparation of tables and 
figures. The final section of the book is a 
manual of general composition, containing a 
review of the general principles of composi- 
tion and a glossary of usage. 


TECHNICAL LITERATURE 


The following recently issued technical litera- 
ture may be of interest to readers of Electrical 
Engineering. All inquiries should be addressed 
to the issuers. 


POWER TRANSISTOR HANDBOOK. De- 
voted entirely to power transistor theory, de- 
sign, and applications, this 200-page handbook 
serves as a reference as well as an introduction 
to power transistor ee Mechanical, 
electrical, and thermal characteristics, plus 
maximum ratings and characteristics are com- 
prehensively covered. Important factors such 
as voltage and current ratings, bias considera- 
tions, thermal stability, efficiency, and distor- 
tion are discussed fully. Circuit designs include 
high-fidelity amplifiers, converters and invert- 
ers, oscillators, time base generators, and tele- 
vision horizontal deflection systems, among 
others. Selection charts that provide the de- 
signer with valuable help, as well as repre- 
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sentative specifications, power transistor outline 
drawings, and derating curves are included, 
both for industrial and military types. A com- 
prehensive list of symbols and abbreviations 
in general use are also included. Copies of the 
handbook are available for $2 each from the 
Technical Information Center, Motorola Semi- 
conductor Products, Inc. 5005 E. McDowell 
Rd., Phoenix, Ariz. 


SYMPOSIUM ON SPECTROSCOPY. The 
use of various sections of the electromagnetic 
spectrum for analytical and research purposes 
has expanded in recent years at a tremendous 
rate. This symposium concerned with ‘‘un- 
solved problems” includes representative pa- 
pers in six distinct fields of spectroscopy. The 
reader will find advanced thinking in emission, 
X ray, flame photometry, ultraviolet absorp- 
tion, magnetic resonance, and infrared spec- 
troscopy. In addition to treatment of many 
sophisticated approaches to analytical problems, 
the book contains a report on Soviet progress 
in the field of molecular spectroscopy. Copies 
may be obtained from American Society for 
Testing Materials, 1916 Race St., Philadelphia 
3, Pa., at $7 each. 


MAGNETIC AMPLIFIERS—PRINCIPLES 
AND APPLICATIONS. Starting with a review 
in the field of magnetism, this book proceeds 
to the saturable reactor, discussing selfstarting 
and $-legged core magnetic amplifiers, compen- 
sating magnetic amplifiers, polarized magnetic 
amplifiers, and variations of these. Having 
established the theory of the magnetic ampli- 
fier, the text then deals with amplifier gain, 
feedback, and general uses and construction. 
The very important topic of maintenance and 
troubleshooting is covered from a_ practical 
viewpoint. A final section on system applica- 
tions shows diagrammatically a vast number of 
practical applications of magnetic amplifier 
circuitry, together with a thorough discussion 
of each application. The book may be ordered 
from John F. Rider Publisher, Inc., 116 W. 
l4th St., New York, N.Y. The price is $2.45 
per copy. 


THERMOELECTRIC MATERIALS AND 
DEVICES. Based on a special series of lectures 
delivered by 20 experts at New York University 
(NYU), edited by I. B. Cadoff and E. Miller 
of NYU's College of Engineering, this volume 
provides further understanding of heat trans- 
fer, electrical conductivity, and related charac- 
teristics of semiconductors and other solid-state 
materials that are connected with these uncon- 
ventional devices. It will be of special value 
to metallurgists, electrical and electronics en- 
gineers, and physicists about to enter, or 
already in the thermoelectric field. Copies 
priced $9.75 each are available from the Rein- 
hold Publishing Corporation, 430 Park Ave., 
New York 22, N.Y 


IEC PUBLICATIONS. The following Inter- 
national Electrotechnical Commission (IEC) 
publications have been made available through 
the American Standards Association (ASA): 
Recommendation of Efficiency of Rotating 
Electrical Machinery (TEC Publication 44-2) 
sets forth the losses to be included for the 
different types of electrical machines when the 
efficiency is determined by the method of sum- 
mation of losses, price $3.20; Particular Speci- 
fications for Electric Mains-Operated Television 
Receiving Apparatus (IEC Publication 65, Ap- 
pendix III), details the safety requirements 
which should be incorporated in the apparatus, 
price $1.60; Recommendations for Voltage 
Measurement by Means of Sphere-Caps (1EC 
Publication 52 applies to the measurement of 
the peak value of alternating voltages, full 
standard or longer-tailed impulse voltages. Price 
$3.20; Recommendation for Commercial An- 
nealed Aluminum Electrical Conductor Wire 
describes the physical and mechanical property 
values of commercial annealed aluminum elec- 
trical conductor wire having a diameter greater 
than | mm. Price 80¢. All of these publications 
may be obtained from ASA, Dept. PR180, 10 
E. 40th St., New York 16, N.Y. 


ULTRASONIC WELDING. Prepared by a 
committee of experts in the ultrasonic welding, 
metallurgical, manufacturing, and research 
fields, this booklet discusses concisely a weld- 
ing process which has great potential for future 
development. Many similar and dissimilar met- 
als which were previously considered unweld- 
able can be welded by this process. By intro- 
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ducing a high-frequency vibratory energy into 
the metals, ultrasonic welding produces a 
sound metallurgical bond without arc or spark, 
melting of the base metals, or deformation of 
the materials being welded. This 38-page book- 
let with 29 illustrations contains sections dis- 
cussing fundamentals of the process, the metals 
which can be welded, welding techniques, weld 
characteristics, quality cantrel, equipment, and 
applications. — at $1.50 each, are avail- 
able from the American Welding Society, 33 
W. 39th St., New York 18, N.Y. 


RESISTANCE WELDING CONTROL 
(NEMA standard IC-2-1960) includes defini- 
tions and cycle diagrams for all generally used 
resistance welding processes. Definitions and 
diagrams are cross-referenced with a master 
table listing National Electrical Manufacturers 
Association (NEMA) identification numbers for 
the control equipment required to perform 
each of the described functions. All major con- 
trol manufacturers list this equipment by 
NEMA number, as well as their own model 
or type numbers. Also listed are minimum 
standards for such factors as accuracy, time 
range, size, and capacity. Separate sections are 
included for frequency converter controls, gun 
welder controls, and multifunction process tim- 
ers. Copies may be obtained from NEMA, 155 
E. 44th St., New York 17, N.Y., at $1 per copy. 


NUCLEAR POWER “PROGRESS CHART.” 
A new “progress chart” showing the major in- 
dustrial participants involved in 39 nuclear 
power projects in the United States and five 
other countries is printed on 22- by 29-inch 
sheet. It contains data on owner/operator, lo- 
cation, type, fuel, power level (thermal and 
electrical), completion date, architect-engineer 
of reactor system, reactor system builder, con- 
structor, core/fuel element supplier, and manu- 
facturers of reactor vessel, steam generator, and 
turbine generator. Copies of the chart are 
available from the Atomic Industrial Forum, 
$3 E. 54th St., New York 22, N.Y., for $1 each. 


VOLTAGE DROP MONOGRAPHS. Charts 
measuring Il by 1342 inches, one each for 
copper conductors in magnetic conduit, copper 
conductors in nonmagnetic conduit, aluminum 
conductors in magnetic conduit, and aluminum 
conductors in nonmagnetic conduit, determine 
voltage drop for single-phase circuits 208 and 
240 volts and 3-phase circuits 208, 240, 460, 
480, and 550 volts, for line currents up to 
1,000 amperes and circuit runs up to 1,000 
feet, at power factors from 70 to 100%, and 
for wires from No. 8 to 800,000 cm. A right- 
angle triangle is all that is necessary to solve 
the problems. The four charts at $2 per set 
or 3 sets for $5 can be obtained from H. A. 
Dodge, P. E., 250 E. 43rd St., New York 
7, ae. 


LIGHTING HANDBOOK. This revised, 250- 
page pocket-size manual contains comprehen- 
sive coverage of the general field of modern 
lighting practices. Included is a fold-out page 
in full color of the electromagnetic spectrum, 
information on distribution and light measure- 
ments, a section on the newest light sources, 
information on coefficients of utilization and 
maintenance factors, together with footcandle 
tables. The manual also contains chapters on 
interior wiring, school and office lighting, in- 
dustrial and architectural lighting, germicidal 
and sun lamps, and the cost of lighting. It 
may be purchased from Westinghouse Lamp 
Division Headquarters, Bloomfield, N.]., for $3 
per copy. 


RUSSIAN TECHNICAL JOURNALS. Pub- 
lication of the ‘Soviet Instrumentation and 
Control Translation Series’ by the Instrument 
Society of America (ISA) under a grant from 
the National Science Foundation will be con- 
tinued with the 1960 issues during the coming 
vear. The four journals translated into Eng- 
lish are: Automation and Remote Control, 
Measurement Techniques, Instruments and 
Experimental Techniques, and Industrial Labo- 
ratory. These monthly publications are avail- 
able at subscription rates ranging from $20 to 
$35 per annual subscription. On a combined 
order for all four journals special rates apply. 
Libraries and nonprofit academic institutions 
are offered subscriptions at special rates. For 
information write to Foreign Translations De- 
partment, ISA, 313 Sixth Ave., Pittsburgh 
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Every time another American mis- 
sile is fired, special new cables are 
put to the toughest test of all. 
These cables must perform. If they 
failed there’d be no telemetering, 


data recording, circuit checks, elec- 
tronic computing, etc. 

To create such cables, you need 
special research and engineering 


skills, special experience, and a 
hard-headed stubbornness about 
quality. 

That’s why you find so many mil- 
lions of feet of these specially de- 
signed instrumentation cables bear 
the label, “Rome Cable division of 
Alcoa.” 


Two places to look tia neve? existed betore 


a 





Look down. 

Learn the capabilities of your 
cable maker, the types of insulations 
available, the standards to which his 
cables are built. Look over some 
typical cables—from 2 to 193 con- 
ductors in each—to get an idea of 
what he can do for you. 

Arm yourself with a copy of our 








Bulletin RCD-400, “Instrumenta- 
tion Cables”. It even contains a 
“Cable Procurement Information 
Form,” on which you can outline 
your needs. 

No obligation, of course. Just 
write for a copy. Department 3-100, 


Rome, New York. ROME CABLE 
pivision of- ALCOA 











HOW MUCH DOES 
UNPLANNED DOWNTIME COST IN YOUR 
PLANT ? *1000...$5000...*10,000 an hour? 


In many cases the costs in spoiled processes and lost production amount to several 
times those figures. 
You Can’t Bargain With Trouble! 
Only preventive measures will reduce it. Periodic inspection of important electrical 
equipment with a Megger® Insulation Tester, and the records of these tests, will pro- 
vide the data you need to anticipate trouble—to prevent production line interruptions. 
Buy Prevention—Improve Profits 
Megger “instruments for prevention” cost only a small fraction of the price of equip- 
ment failure, work spoilage and the many other wastes that help to destroy the 
profits picture. 

An investment in a Megger Insulation Tester is like the premium on an accident 
policy except that the Megger Tester can be the means of preventing the accident. 
Preventive Maintenance Is Productive 
Any production department will thank and even praise a preventive maintenance de- 
partment for its ability to spot trouble before it happens. 

We have the answers—want them? 


MEG® TYPE OF MEGGER INSULATION RESIS- 
TANCE TESTER—Available hand-operated, rectifier opers 
ated, or with a separate rectifier. Ranges up to 2000 megohms 
and 1000 volts d-c in all three models. BULLETIN 21-45-EE 


ewer aeamemnty, | 





MEGGER GROUND TESTER measures the resistance of 
earth to ground connections simply, easily and accurately, and 
thereby helps to determine whether such connections will per- 
form the services for which they were designed and installed. 
BULLETIN 25-EE 


MEGGER LOW RESISTANCE OHMMETER-—Battery 
or rectifier operated. Four ranges 0-1000 microhms to 0 to 1 
ohm. New clamp type test leads 18 ft. long enable one man to 


GIDL 
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JAMES G. BIDDLE CO. 


Electrical & Speed Measuring Instruments 
1316 ARCH STREET « PHILADELPHIA 7, PA. 
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New & Improved Products 
(Continued from page 8A) 


Lightweight Capacitors .. . 


Two newly designed lightweight 
power capacitors in the 50- and 100- 
kvar range make use of an improved 
kraft paper dielectric to bring about 
substantial size and weight reductions. 
The 100-kvar capacitor is said to be 
from 14 to 19% lighter and 21 to 24% 
smaller than those presently available. 
The 50-kvar unit is 18 to 25% lighter 
and commensurately smaller. In addi- 
tion, the apparatus is said to have 15% 
lower watt losses over an extended tem- 
perature range. Sangamo Electric Com- 
pany, Springfield, Il. 


Tape-Controlled Machine ... 


This newly developed tape-controlled 
machine tool will bring production 
line efficiency to batch lot production 
on machined parts aggregating | cubic 
foot in dimension. Designated MT-3, 
the fully automated system features a 





universal drilling, tapping, and boring 
head with a storage capacity for 30 
tools chargeable in less than 3 seconds. 
Others include a face milling head and 
an optional multiple spindle drill head 
or precision boring head with a 14-tool 
capacity changer. Hughes Aircraft Co., 
P. O. Box 90904, Airport Sta., Los 
Angeles 45, Calif. 


Machine Control... 


Automatic numerical control for 
machine tools may soon be within the 
budget range of small manufacturers 
and job shops due to the development 
of a system that employs no costly elec- 
tronic gear. Actuated by means of a 
punched tape input or, if desired, 
manually or by dial console, the system 
converts pneumatic pressures into oil 
power which operates pistons for preci- 
sion table positioning. Applicable to 
most types of point-to-point machine 
tools, the system has a guaranteed re- 
peatability of +0.0003 inch and table 
positioning tolerance of +0.0005 inch. 
Moog Servocontrols, Inc., Proner Atr- 
port, E. Aurora, N.Y. 


(Continued on page 28A) 
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easy-to-install 
plastic control cable... 


OKONITE 


3) 


small diameter ia 
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SMALL-CABLE SIZE, BIG-CABLE PERFORMANCE. That's the story on 
Okonite’s new P-30—the multiple conductor cable designed especially for 
modern control systems where space is limited. Suitable for either a-c 
or d-c circuits, 600-volt rating, it's recommended for d-c circuits in wet 
locations and for temperature ranges to 75C. Rugged Okoseal jacket is 
moisture and flame resistant, provides a smooth surface for easy pulling. 


To meet the trend toward lighter, more compact control systems in industry 
and utilities, Okonite now introduces P-30, a superior quality, small dia- 
meter, all-thermoplastic control cable. It’s an ideal lightweight, general 
purpose cable for all types of installations—conduit, aerial, duct, tray, 
direct burial . . . in wet or dry locations. 


Over 30% smaller and lighter than conventional-size rubber cables, 
Okonite P-30 nevertheless provides the kind of performance normally 
associated with many larger diameter cables. The multi-wall construction 
of P-30 offers three-fold electrical protection, since both the two protective 


coverings and the basic insulation are high quality dielectrics. he (polyviaytchloride 


P-30 is especially suited for use under rigorous conditions. Double-wall _ 


construction provides excellent resistance to the chemical attacks of oils, 
acids, alkalies and other materials. The protective jacket of Okoseal— 
extruded over the cable assembly —assures a moisture- and flame- 
resistant covering. 


Another example of Okonite Cable’bility* in action . . . P-30 is designed to 
give years of trouble-free service on vital installations. For complete 
details, write for Bulletin 1140, The Okonite Company, Subsidiary of 
Kennecott Copper Corporation, Dept. EG, Passaic, New Jersey. 7983 


*Okonite Cable’bility... Cable Craftsmanship since 1878. 


where there’s electrical power . . . there’s 


OKONITE CABLE 





New & Improved Products 


(Continued from page 26A) 


Self-Balancing Metal Detector .. . 


Processors of food, plastic sheet, film, 
wood products, and similar goods will 
find use for this stable metal detector 
that eliminates the need for frequent 
balancing. Model 200A _ will locate 
small ferrous or nonferrous tramp- 
metal particles as small as 0.063 and 
0.085, respectively, at conveyor belt 
speeds of 1 to 100 feet per minute. 
The detector permits unattended oper- 
ation regardless of changes in tempera- 
ture, humidity, and barometric pres- 
sure. Electro-Mechanical Research, Inc., 
Sarasota, Fla. 


Teflon Marker... 


\ method has been developed to 
mark part numbers and other infor- 
mation on Teflon. Key to the process 
is a compound called PA-746 that reacts 
with the Teflon surface to create a dark 
carbon film that is impervious to the 
temperatures normally encountered in 


| 


¥ 


service. The treating agent is supplied 
in a polyethelene squeeze bottle with 
a long, tapered nozzle. Viscosity is 
such that the fluid will not leak out of 
the nozzle unless pressure is applied 
permitting the bottle to be used as a 
writing instrument. Plastic Associates, 
2900 S$. Coast Blud., Laguna Beach, 
Calif. 


Optical Transducer... 


The purpose of these transducers is 
to obtain stable electrical pulses pro- 
portional to rotational velocity for use 
in decade counters and other pulse- 
operated tachometers. Advantages are 
extreme sensitivity without amplifica- 
tion, a nearly flat response over a wide 
frequency range, and a rugged, long 
life due to the absence of vacuum 
tubes. Speed range is 180 rpm mini- 
mum to 300,000 rpm maximum, with- 
out amplification. Amplitude is not 
less than 3 volts rms at 180 rpm and 
2 volts rms at 200,000 rpm. John Cha- 
tillion & Sons, 85 Cliff St., New York 
38, N.Y. 
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Miniature Thin Resistors . . . 


Unusually small for their power- 
handling capability, these wirewound, 
vitreous enameled resistors were de- 
veloped for application where space is 
all-important. Available in three sizes 
of 10,°15, and 20 watts, the cores are 
14 inch thick and in the 10-watt unit 
34 inch long. Hot spots are minimized 
by mounting brackets that extend 
through the core and conduct the heat 
directly to the chassis or mounting sur- 
face. Ohmite Manufacturing Co., 3609 
Howard St., Skokie, Ill. 


Analog Computer Kit... 


A new, easy-to-assemble analog com- 
puter kit is available for training in- 





dustrial personnel, students, and others 
in this new science. Operating on two 
flashlight batteries, the device demon- 
strates basic analog computations such 
as multiplication, division, powers and 
roots, log operations, trigonometry, 
physics formula solutions of conver- 
sions, magnetism, electricity, and geom- 
etry. Edmund Scientific Co., Barring- 
ton, N. J. 


Pushbutton Crossbar Switch ... 


Designed to eliminate the expense 
of wiring a large matrix of individual 


ea. 

switches, this patchcord switching de- 
vice can handle anything from the mi- 
crovolt d-c signal of a thermo-couple 
to the megacycle signals of radar. A 
constant characteristic impedance 
throughout the switch of 75 ohms and 
the ability to handle high-frequency 
signals makes it useful in radar and 
color television applications. Because 
noise induced in the contacts from the 
actuators is less than five microvolts, 
and thermoelectric noise less than 0.01 
microvolt per degree C, the switch can 
be used with very low level thermo- 
couple and strain signals. Each button 


has a vertical marking which indicates 
immediately whether its contacts are 
closed or open. James Cunningham, 
Son & Co., Inc., P.O. Box 516 Zone 2, 
Rochester 8, N.Y. 


Substation Planning Aid... 


A new, economical approach to sub- 
station planning can be made with 
this compact, Regu-Tran 
consisting of three single-phase regu- 
lators directly mounted on a 3-phase 
power transformer with a_ by-pass 
switch located above each regulator. 
This simplified arrangement gives 
single-phase regulation with — three- 
phase unit assembly. As a result, the 
unit conserves valuable 
space by requiring only one low-cost 
concrete pad for mounting the entire 
assembly. Allis-Chalmers Manufactur- 
ing Co., Milwaukee 1, Wis. 


assembly, 


substation 


Epoxy Spray Gun... 


Virtually any thickness of epoxy 
resins can be spray-deposited with this 


new type of jet gun. In addition to 
exceptional bonding, this surface coat- 
ing method offers deep penetration of 
the resins, an important factor in coat- 
ing complex devices such as electric 
motor stators and rotors. Plasmadyne 
Corp., 3839 S$. Main St., Santa Ana, 
Calif. 


Electric Car... 


A l|-battery electric car for in-plant 
transportation seats one man and _ his 
equipment, yet weighs only 181 
pounds. Other features include a low 
center of gravity, and a safe speed limit 
of 414 miles per hour. Designed for 
plant executives, 
tainance men, spot checkers, and other 
personnel, the car is narrow enough 
to get through the tightest aisles. Each 
car contains its own charger which will 
drive it 10 miles at full charge. The 
Birdie Co., Inc., 393 Springfield Ave., 
Summit, N.J. 


supervisors, main- 


(Continued on page 30A) 
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G&W Oil-Fuse Cutouts 
are full-rated for Il0 kv BIL duty! 


GeW Type FC72, 15 kv Oil-Fuse Cutouts have 
full 110 kv BIL and high interrupting ability for 
today’s distribution circuits. Impulse withstand 
level is 110 kv under standard 144 x 40 micro- 
second wave and 60-cycle one-minute withstand 
is 50 kv. 


The Type FC72 Cutout can interrupt 7000 am- 
peres asymmetrical (4200 amperes symmetrical) 
on single-phase operation at 13.8 kv, or 100,000 
kva, symmetrical, on three-phase applications. 
Continuous-current rating is 200 amperes. It can 
break load currents up to 300 amperes where 
power factors are 50% or higher and can break 
magnetizing and load currents of 100 amperes at 
power factors of 20% or less. Metal-to-metal 
flanged surfaces with retained gaskets and a 
heavy wall dome area make this device applic- 
able for use in hazardous locations. 


The new G&eW 15 kv Cutout is safe, simple to in- 


i 
J 
ese 
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stall, easy to operate, and requires little main- 
tenance. In-line construction with operating 
shaft running horizontally through the cutout 
dome makes possible coupling of gang-operated 
cutout shafts in a straight line. Operating handle 
rotates beyond dead center to lock both “On” 
and “Off” positions. The interrupter unit with 
fuses and replaceable switch contacts is raised 
into the dome above the oil when the cutout is 
switched to the “Off” position. They are access- 
ible when dome is swung back on its hinge. Dome 
cannot be opened while switch is in the “On” 
position. 


Repeated tests of the G2W Type FC72 Oil-Fuse 
Cutout show it will operate five times at full in- 
terrupting rating before inspection or replace- 
ment of oil is needed. 


Contact your G&W representative for complete 
information, or send for Catalog CC. 


BLUE ISLAND, ILLINOIS 


CANADIAN MFR. «© POWERLITE DEVICES LTD. ¢ TORONTO, MONTREAL & VANCOUVER 


re Gs.W ELECTRIC SPECIALTY COMPANY 
G ' 3510 WEST 127th STREET 


C 60-2 superior quality standards—inspired specialized design 
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AiResearch integrated environ- 
mental conditioning of aircraft fire 
control systems achieves high effec- 
tiveness while reducing space and 
weight requirements. 
Representative of AiResearch 
progress is this air-to-air environ- 
mental conditioning package which 
uses the integral heat exchanger 
and cold plate cooling unit as the 
base and mounting frame of the 
pressurized enclosure for the fire 
control system transmitter. Net 
weight of this unit is 9.5 lb. with 
a heat rejection of 425 watts. 
This example illustrates the 
important economies which can be 
achieved when AiResearch is con- 
tacted early in the design stage of 
electronic systems. 
Environmental conditioning 
equipment has been produced for 
the following electronic systems: 


Detection - Communication 
- Control - Ground Support - 
Guidance 


Write for literature today. 


~G>---~- 


AiResearch Manufacturing Division 


Los Angeles 45, California 
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New & Improved Products 
(Continued from page 28A) 


Fluorescent Light Panel .. . 


This flat, rectangular fluorescent 
lamp represents a distinct departure 
from the usual straight line tube. Only 
11% inches thick, the lamp is actually a 
labyrinth of passages sealed in a thin 


glass block. The electric discharge 
travels this winding path to produce 
a broad area of light. Designed for 
modular installations, each  12-inch- 
square lamp will be rated at 40 to 50 
watts that will produce considerably 
more light than a 100-watt incandes- 
cent bulb. Westinghouse Electric Corp., 
Bloomfield, N. J. 


Magnetic Shift Register ... 


These wafer-like, magnetic shift reg- 
ister elements operate at an informa- 
tion rate of 100 kilocycles per second 
at a peak shift pulse power of only 0.1 
watts. Similar serial driven, gated trans- 
fer shift register circuits are being de- 
signed for use at information rates up 
to 500 kc. Each element stores a binary 
bit and can be assembled in modules 
up to 10 elements per inch. All com- 


ponents in each element are arranged 
in a single plane instead of the usual 
3-dimensional assembly, permitting the 
shifting function to be accomplished 
with a single turn on each magnetic 
core. General Electric Co., Heavy Mil- 
itary Electronics Dept., Syracuse, N. Y. 


Shipboard Computer .. . 


The speed and saturation with which 
an enemy could launch an_ attack 
imposes an urgent need for this rug- 
gedized computer to correlate data into 
a clear picture of the tactical situation. 
Measuring only 3 by 3 by 6 feet, the 
machine is basically a general-purpose 
stored-program computer with high- 
speed random access memory. Input 
data from radars, sonars, radio, and 
IFF counter measure systems, as well 
as human sources, are fed into the 
machine. The resulting output provides 
identity, size, location, detection, track- 
ing, and speed. Rapid communications 
between computers on each ship enable 
the entire task force to operate as one 
huge ship. Remington Rand Univac, 
Univac Park, St. Paul 16, Minn. 


Ultrasonic Impact Grinder .. . 


Designed for precision machining 
semiconductors, and other electronic 
components, model V’-333 features the 
first air-cooled 300-watt magnetostric- 
tive transducer ever used for machine 
tool operations. Not only will this 
eliminate bothersome plumbing §ar- 
rangements, but it also provides con- 


tinuous operation by doing away with 
down-time cooling often required for 
ceramic transducers. Raytheon Co., 
1415 Providence Tpke., Norwood, 
Mass. 


Impact Tester... 


Up to 3,000 g’s may be developed 
with this pneumatic-powered machine 
for shock-testing small electronic com- 
ponents. The machine handles speci- 
men loads up to 30 pounds and can 
produce various shock pulses with an 
impact velocity up to 192 inches. Fea- 
tures include l-hand carriage height 
control adjustment, automatic brake, 
recycling selector, pressure valve setting 
for g-level desired, and 2-hand actua- 
tion requirement as a safety factor. 
Avco Research and Advanced Develop- 
ment Div., 201 Lowell St., Wilming- 
ton, Mass. 


(Continued on page 32A) 
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“You can count on Niagara. Really cooperative. They’ve 
never let us down.” 


Sensitive to the needs of its customers, Niagara has proved its 
flexibility time and time again in scheduling urgent deliveries. 
Doing the “impossible” is not uncommon in this organization. 


Close, personal, friendly attention is uppermost. Even shipments 
are planned to minimize unloading costs. 


lod 1 _— : Built in accordance with established standards or to speci- 
T RAN S FO R M E R S fied requirements, Niagara Transformers cover practically 
every service through 10,000 kva, 69,000 volts. Write for 
Bulletin 139. Niagara Transformer Corp., P.O. Box 23, Buffalo 

25, N. Y. Representatives in principal cities. 
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New & Improved Products 
(Continued from page 30A) 


Trace-Recorder ... 


Recent announcement of an 8-chan- 
nel trace recorder marks the entry of 
this well-known company into the ranks 
of industrial recording manufacturers. 
Features include a bandwidth fre- 
quency 40 to 100% wider than was 
heretofore found practicable in a di- 
rect-writing recording instrument. Fur- 
thermore band-amplitudes are nearly 
six times higher than those previously 
attained. Another feature is a stylus 
that can be driven up to 70 mph with- 
out distortion or impairment of the 
trace. American Optical Co., Buffalo 
3; 0.2. 


Classroom Demonstrator ... 


With this device, the basic prin- 
ciples of electronics from fundamental 
circuits to radio, television, and radar 
can be taught visually. Consisting of a 
3- by 5-foot breadboard on a mobile 
stand, the demonstrator can be as- 
sembled and studied circuit by circuit. 
Operational equipment includes a 
large classroom-size meter, picture tube 
and housing, and vacuum-tube volt- 
meter. Components are connected or 
disconnected by a new type of device 
which requires no soldered joints. 
Transvision Electronics, Inc., 460 
North Ave., New Rochelle, N.Y. 


Heavy Duty Switch... 


One unusual feature of this safety 
switch is the removable plate bearing 
the switch and fuse elements, making 
installation and wire pulling much 
easier. Available in NEMA 12 and 1A 
enclosures, fusible or non-fusible ap- 
paratus provides service from 30 
through 600 amperes, 240 and 600 volts 
a-c and 250 volts d-c. Continental Elec- 
tric Equipment Co., Box 1055, Cincin- 
nati 1, Ohio. 


Subminiature Circuit Breaker ... 


This commercial version of a mili- 
tary model hydraulic-magnetic circuit 
breaker is litthe more than the size of 
a matchbox and weighs but 114 ounces. 
Incorporating shock and vibration re- 
sistance features, the VP standard series- 
trip line also provides a shunt-trip 
breaker permitting the device to be 
tripped from a remote position. Heine- 
mann Electric Co., 236 Magnetic Dr., 
Trenton 2, N.J. 
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Flood Light... 


A new compact light source for 8-mm 
home movie makers provides the same 
effective-light with one lamp as an 18- 
inch bar combination containing four 
R-30 photoflood lamps. The Sun Gun 
uses a halogen lamp in a 234-inch re- 
flector attached directly to the camera. 
Drawing 650 watts compared with 1,200 
watts for four R-30’s, the lamp is bal- 
anced for 3,400 degrees Kelvin, allow- 
ing filter-free operation with Type A 
color film as well as black and white. 
Sylvania Electric Products Inc., 730 
Third Ave., New York 17, N. Y. 


Insulator ... 


This “California” fog type suspen- 
sion insulator was designed for use in 
problem areas of heavy contamination 
where natural cleaning is inadequate, 
and artificial washing is a scheduled 
requirement of line maintenance. The 
triple petticoat design provides an 18- 
inch leakage distance while the deep- 
cut, gently curved corrugations catch 
the wash water and swirl it around the 
insulator to flush and clean the entire 
surface. Lapp Insulator Co., Inc., Le 
Roy, N. Y. 


Airborne Weather Radar... 


Weighing 50 pounds, this latest air- 
borne radar is capable of covering the 
general sky area up to 150 nautical 
miles with a stabilizing antenna system. 
Pulse modulated in the X-band fre- 
quency range, the WP-103 contains 73 
transistors and 8 tubes drawing only 
320 watts a-c. The antenna makes a 
120-degree sweep with 60 scans per 
minute and can be tilted up or down 
15 degrees. Collins Radio Co., Dallas 
21, Texas. 


Infrared Traffic Detector... 


Measuring less than 9 inches square 
and weighing only 18 pounds, this 
new traffic detector uses infrared to 
detect and count moving vehicles. 
In operation it is positioned so that 
the infrared beam projects downward 
onto the traffic lane and is reflected 
back from the pavement to the receiv- 
ing lens. When vehicles break the 
beam, they are detected and counted. 
Designed for quick installation or re- 
location from one position to another, 
the Traffitrol is virtually foolproof. It 
can also be positioned to regulate 
trafic lights on a multilane street. 
Minneapolis-Honeywell Co., 5200 E. 
Evans Ave., Denver 22, Colo. 


Power Regulator... 


Power supplies rated from 100 watts 
to 50 kv can be regulated automati- 
cally with this versatile control. For 
use in both a-c and d-c output, regula- 
tion is available from zero to any de- 
sired voltage and from +3% to any 
degree of regulation. Visual presenta- 
tion of the percent of accuracy reached 
and voltage set makes turning of screw 
head rheostats and range guessing un- 
necessary. American Rectifier Corp., 95 
Lafayette St., New York, N. Y. 


Colored Cable... 


Constructed with an outer cover of 
yellow neoprene, a new cable manu- 
factured by Western Insulated Wire 
Co. will be useful where a high degree 
of visibility is needed to keep it from 
being inadvertently run over by heavy 
construction equipment. In permanent 
wiring installations the yellow-jacket 
will also make it easier to trace a spe- 
cific circuit. The colored cable has the 
same properties as black neoprene- 
jacketed wiring. E. I. du pont de Ne- 
mours & Co., Inc., Wilmington 98, Del. 


Alarm... 


An infrared light source provides the 
invisible detection beam for this new 
burglar-intruder alarm. Transmission 
may be either straight line or around 
corners with mirrors. Called Lyne-O- 
Larm, the units have sealed-beam pro- 
jector lamps, use printed circuits, and 
are fully transistorized. Operating on 
110 volts a-c, they contain a standby 
battery power supply that takes over 
when normal power fails. Walter Kidde 
& Company, Inc., Clifton, N. J. 


Alloy... 


A new precipitation-hardening alloy 
composed of copper, lead, nickle, and 
phosphorus called Leaded Nickle Cop- 
per 831, possesses combined properties 
of high corrosion resistance, high ten- 
sile and yield strength, high electrical 
conductivity, and free machining qual- 
ity. While the full potential for this 
material is still being developed, its 
inherent properties would suggest such 
end uses as electrical contracts, con- 
nectors, control elements for power 
tubes, and structural elements now 
using copper. At present, the material 
is produced in round rod, in sizes from 
%o-inch to 114-inch diameters. The 
Anaconda Co., 25 Broadway, New 
York 4, N.Y. 
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OHMITE 
RHEOSTATS 


WITH SPECIAL FEATURES 


solve many difficult control problems 


Ohmite offers not only industry’s most complete line of 
standard rheostats but also rheostats with a wide variety 
of special features. Illustrated are only a rew. All have 
the distinctive Ohmite design features: smoothly gliding 
metal-graphite brush; all-ceramic construction; insu- 
lated shaft and mounting; windings permanently locked 
in place by vitreous enamel. You will find the special 
rheostat feature you need in the dependable Ohmite line. 
SN 





Two groups of four Ohmite taper-wound rheostats 
mounted in tandem, controlled by a single knob 
through a chain drive. 








Call on Ohmite for ; . OHMITE 


APPLICATION 
ENGINEERING SERVICE 
Save valuable engineering OHMITE MANUFACTURING COMPANY 


time. Team up with Ohmite to ~, 3614 Howard Street, Skokie, Illinois 
solve your resistance problems. ‘ 

Ohmite engineers are resist- 

a specialists, They can y 0 . RHEOSTATS RESISTORS TAP SWITCHES 
ae Seren ee ee . RELAYS VARIABLE TRANSFORMERS DIODES 


and recommend the correct 


rheostat to fit your application. : ROT Mist im TANTALUM CAPACITORS R. F. CHOKES 


Write on company letterhead for Catalog 58. 
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NEW SYLVANIA 


-FLEXI-GORE 


TRANSFORMER 


>< 


creates new freedom for designers! 








Radically new in concept! 
Radically different in construc- 
tion! Radically smaller and 
lighter! That’s the dramatic 
news in the Sylvania Flexi-core 
transformer. And for the de- 





These transformers 
have identical electrical 
characteristics. 


STANDARD NEW FLEXI-CORE 
E-| CONFIGURATION PRODUCED BY SYLVANIA 








sign engineer, Flexi-core opens 
up whole new design possibilities. 


Thanks to this new core construction, 
Sylvania can now make transformers 
up to 30% smaller and lighter than 
types now in use! Odd size and spe- 
cial shape transformers can be made 
without the usual penalties in cost 
and delivery. RESULT: the design 
engineer can make the sweeping 
changes he desires and still stay 
within budget restrictions. 


The heart of the new transformer is 
a formed core consisting of nests of 
laminations of fabricated steel strips. 


The nests are fitted together provid- 
ing 100% interleaving, thus mini- 
mizing magnetizing current. And 
since virtually any size core can be 
produced from the steel strips—no 
tools or dies are needed. RESULT: 
the design engineer now for the first 
time can dictate the physical con- 
figuration of a transformer, depend- 
ing upon the electrical characteristics 
required. 

Consult your Sylvania Special Prod- 


ucts representative. Or write: Sylvania 
Electric Products Inc., Ipswich, Mass. 


SYLVANTA 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS es) 
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safety at your 
fingertips! 


Only the Federal Pacific type A-plus switch gives you triple protection: 
the complete safety of visible blades, plus the high current capacity of a 
circuit breaker, plus the high interrupting capacity of fuses. And at the 
touch of the big Rotary Handle, fingertip operation opens and closes the 
A-plus switch instantly—with a quick-make, quick-break mechanism that 
is fast... teaseproof . . . safe. What's more, the A-plus switch is rated for 


load break, not just disconnecting duty! Feature for feature, there is no 
switch that compares with the A-plus safety switch. Federal Pacific heavy 
duty industrial switches are available in ratings 30 through 1200 amperes, 
250 and 600 volts, indoor and weatherproof enclosures. Write for Bulle- 
tin 1241, Dept. FP-5, Federal Pacific Electric Company, Newark 1, N. J. 
FEGCERAL PACIFIC €@e6:6 TR 1 C COMPANY 


growth through creative energy 





NEW 


Westinghouse KD-CO relay system 
offers unmatched protection 

for subtransmission 

and distribution lines 


For the first time, this new Westinghouse relay system permits the 
exact fixing of the distance of overcurrent protection along the line 
and offers complete directional distance torque-control. Three stand- 
ard Westinghouse Flexitest* cases enclose the whole scheme, neatly 
and compactly. You enjoy the assurance of dependable performance 
established by the famous semi-static K-Dar units. These are com- 
pletely standard KD relays, used in conventional zone and carrier 
relay systems. 

Call your Westinghouse sales engineer for more information about 
this new advance in protective relaying or write for RPL 60-14, 
Westinghouse Electric Corporation, P.O. Box 868, Pittsburgh 30, 
Pennsylvania. You can be sure . . . if it’s Westinghouse. J-40534 


*Trade-Mark 





Two standard KD relay units 
and one two-unit CO timing 
relay comprise the complete 
package. Note how neatly and 
compactly they work together 
in standard Westinghouse 
Flexitest cases. 


Here’s how it works: 


One KD is set for 90% of the line for instantaneous pri- 
mary first zone protection. The other KD is set into or 
through the remote adjacent line for end zone primary 
and remote back-up protection. This KD is also used to 
torque-control the double-unit CO relay which is used 
as a timing relay for selective tripping. The overcurrent 
sensitivity can be set below load since its operation is 
controlled by the KD relay. The KD relays can be set 
into or through the transformer bank for full protection 
on either side of the bank. 

It’s worth noting, too, that various overcurrent time 
characteristics can be used to coordinate with existing 
relays .. . Types CO, CR, HRZ or HCZ. For example, 
the KD-CO system using a Type CO-7 characteristic will 
coordinate very well with existing HCZ relays. 

















ZONE 1 —~" 
— 


Typical application for two-zone KD 
relaying with two-unit torque- 
controlled Type CO relay for zone- 
two timing. 


Westinghouse 





SPECIFY ALUMINUM IN 


...it improves performance, 


Aluminum in 
Capacitors and Racks 


Aluminum’s ability to be rolled to very thin 
gauges, plus its low cost and high electrical 
and thermal conductivity, make it an ideal 
material for capacitor windings. Capacitors 
with aluminum windings improve the power 
factor of utility systems— mean lower losses, 
more economical operation. And in capa- 
citor racks, aluminum’s strength, corrosion 
resistance, and light weight are key advan- 
tages. Aluminum racks require practically 
no maintenance, are easy to handle and 
install and assure a durable, attractive 
installation. 


Photo courtesy of Line Material Company 


Aluminum in Generators 


In turbine generators, aluminum is one of the few 
materials versatile enough to be used as an electrical 
conductor in field windings, as a mechanical or struc- 
tural material in fan blades and vanes and inlet guide 
castings, and in terminal plates and rotor coil slot 
wedges. Aluminum’s light weight advantage in tur- 
bine generators is important to utilities because it 
helps reduce centrifugal forces, and makes possible 
larger generators with increased KVA ratings. 


Photo courtesy of Louisville Gas and Electric Company 
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ELECTRICAL EQUIPMENT 


reduces weight, cuts costs 


Regardless of whether you purchase or 
manufacture electrical equipment, alu- 
minum’s unique combination of advan- 
tages can be of value to you. Some of 
these advantages are: low cost, minimum 


strength, ease of fabrication, good avail- 
ability and high scrap value. 

Reynolds engineers are available to 
help translate these advantages into 
better products for the electrical 


maintenance, easier installation, attrac- 
tive appearance, high electrical con- 
ductivity, light weight, resistance to 
corrosion, high thermal conductivity, 


industry. Contact your nearest Reynolds 
office or write Reynolds Metals Com- 
pany, P.O. Box 2346-ER, Richmond 18, 
Virginia. 


Aluminum in 
Isolated Phase Bus 


Aluminum offers both the user and the manufac- 
turer many advantages in isolated phase bus 
systems. As the bus conductor aluminum offers 
high electrical conductivity, it is light in weight, 
it is available in many shapes and sizes, and it is 
lower in cost than copper conductors. Aluminum 
is used as the enclosure because it is non-magnetic 
and eliminates losses due to hysteresis and accom- 
panying temperature rise. Since it is lightweight, 
it is easy to fabricate and install and is practically 
maintenance-free. 


Photo courtesy of Westinghouse Electric Corporation 


REYNOLDS ALUMINUM 


Watch Reynolds new TV show “Harrigan & Son’’, Fridays; 
also “All Star Golf’, Saturdays—ABC-TV. 


| ao. Rp 
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Industrial Notes... 


Baker Perkins, Inc. 
Saginaw, Mich... 


A newly developed system for 


mechanizing formulation and dough 


mixing in specialty product baking 
operations has been installed at the 
Hillington (Glasgow, Scotland) biscuit 
bakery of William MacDonald & Sons 
Ltd. by Baker Perkins Inc. Benefits of 
the new system include lower oper- 
ating costs, reduced waste, and a new 
high in sanitation level. The system is 
said to represent a new concept of 
handling and storing liquid ingredi- 
ents, including fats and chocolate in 
bulk. Materials are introduced into 
the dough mixers in the correct se- 
quence, with the mixers starting and 
stopping automatically to meet indi- 
vidual recipe requirements. The five 
specialized products of the MacDonald 
bakery are produced by the system 
using 22 fewer persons than previously. 


General Motors Corp. 
Kokomo, Ind... 


\ defense contract connected with 
the Minuteman 
establishing and operating a reliability 


Missile program in 


program for power transistors has been 


signed by the Delco Radio Division of 
General Motors. Extending over a 
lengthy period, the contract provides 
for exhaustive testing of some 75,000 
Delco Radio power transistors. Aim of 
the program is to produce power tran- 
sistors which will achieve a success rate 
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of 99.9979. This means that a single 
transistor could be expected to have a 
lifetime of 40,000 years. An ICBM, the 
Minuteman is a 3-stage solid-propel- 
lant ballistic missile which will repre- 
sent a major economy in missiles due 
to its simplicity, reliability, and opera- 
tion. As part of its special equipment, 
Delco Radio has constructed this test- 
ing device which automatically checks 
eight transistor parameters and records 
the information on IBM cards. The 
machine can check a parameter per 
second. Thus, a rack containing 20 
transistors can be fully checked out 
electrically in the machine and the 320 
measurements recorded on cards in ap- 
proximately 3 minutes. 


Christie Electric Corp. 
Los Angeles, Calif... 


In what is reputed to be the largest 
single installation of its kind in the 
world, the city of Los Angeles has 
selected 14 Christie arc lamp rectifiers 


for use in its new $6 million Memorial 
Sports Arena. The Christie Rectifiers 
are designed to feed a maximum of 150 
kw of d-c power to the banks of super 
arc lamps that line the arena’s over- 
head circle of suspended catwalks. The 
type ME? lamps being used as spots 
were manufactured by Genarco, Inc., 
of Jamaica, N. Y., to utilize a maximum 
capacity of 130 amperes at 72 volts. To 
provide any given lighting effect at any 
point on the huge 130,000-square foot 
arena floor, each Christie arc lamp rec- 
tifier feeds a continuous capacity of 
140 amperes at 80 volts. 


1-T-E Circuit Breaker Co. 
Philadelphia, Pa... 


In a campaign to show its newly 
designed 4,160-volt switchgear, I-T-E 
Circuit Breaker Company is sending 
its 44-foot demonstration trailer on a 
nationwide, year-long “door-to-door” 
tour. Two-hour sessions given by field 
office representatives at each location 
will consist of the showing of an 18- 
minute sound film, a complete demon- 


stration of the equipment, and a 
question-and-answer period. Arranged 
in meeting-roem style, the interior of 
the trailer pictured here is outfitted 
with 18 chairs, a film projector, screen, 


back-lighted color transparencies of the 
equipment’s components, and an actual 
circuit breaker and switchboard. The 
trailer is air-conditioned, carries its own 
generator to power the electrical de- 
vices, and has coffee and cold-drink 
dispensers. The redesign of the metal- 
clad equipment incorporates compact 
design; closed-door horizontal drawout; 
stored-energy closing; a new concept 
of arc extinction known as the iron- 
less blowout coil; and maximum safety 
and Il-man maintenance. 


Douglas Aircraft 
Long Beach, Calif. . . 


This giant Drivamatic Riveter at 
the Douglas Aircraft plant is controlled 
through the use of a TelAutovision 
camera installed by the TELautograph 
Corporation. Working on the fuselage 
assembly of a DC-8 Jetliner, the opera- 
tor (seated) views the entire operation 
through a 17-inch TELautograph mon- 
itor connected to a camera located in a 
blind behind the 


position fuselage 


panel where the rivet ram is located. 
He can see if the machine is out of 
alignment with the rivet holes and 
adjust it manually, if necesary. While 
the entire operation is tape program- 
med, the television viewer assures ab- 
solute alignment. 
(Continued on page 46A) 
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ALLIS-CHALMERS 


ORIGINATORS OF 5/8% STEP REGULATORS 


AC 


SFR Feeder Voltage Regulator 


Only exclusive unit construction delivers 
extra regulator values you can see 


Why is unit construction so impor- 
tant to regulator users? Simply be- 
cause this design is basic to these 
many other extra-value A-C fea- 
tures you can see...advantages you 
can’t find on any ordinary regulator! 


You'll see continuous leads passing 
directly from the coils to the double- 
bolt terminals on the dial switch. 


You'll see 78 fewer bolted connec- 
tions only unit construction can 
offer. No leads to disconnect, no ter- 
minals to remove when you untank. 


You'll see better workmanship, 
since all connections are securely 


NOVEMBER 1960 


made and double-checked before 
unit is tanked! 


You'll see how much easier inspec- 
tions can be. To untank, remove 
cover bolts and control compart- 
ment retaining nuts. Then lift entire 
assembly from the tank... there’s 
no need to remove oil. 


Your nearby A-C office has the 
facts on single and three-phase sizes 
from 2,400 to 69,000 volts...in 
ratings up to 2,500 kva. Or write 
Allis-Chalmers, Power Equipment 
Division, Milwaukee 1, Wisconsin. 

A-1379 
Calibond is an Allis-Chalmers trademark. 
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CALI BAND 
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Gt BAND, 
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CALIBAND control — At the twist of the con- 
trol knob, you can set or test voltage level 
and band width without changing voltage or 
interrupting regulated service. 
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USS Tiger Brand Armorlokt Cables offer maximum mechanical protection and electrical reliability. 
They can be installed in half the time required for other systems, and can be easily pulled around turns, 


American Steel & Wire 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & Iron Division, Fairfield, Ala., Southern Distributors 
United States Steel Export Company, Distributors Abroad 





More power for expansion supplied 
with (iss) Tiger Brand Armorlokt Cable 


over unique suspension bridge 


This suspension bridge was built especially to carry high- 
voltage electrical cables from the power plant to mill at 
the Ohio Works of United States Steel in Youngstown. 
The old underground system has become inadequate and 
to replace it with a new underground system would have 
been more costly and would have disrupted mill operations. 

The largest of the several cables has 500,000 C/M 
conductors and is 334 inches in overall diameter. All are 
insulated with Amerzone B (Butyl) rubber and protected 
with interlocked armor. 


Armoriokt cable was used for utmost reliability. Failures of 
power distribution are costly, and represent production 
losses. This Armorlokt construction offered maximum 
mechanical protection and electrical reliability with the 
added “Plus” of complete flexibility of the finished 
distribution system. 


Advantages of open construction. Compared to an under- 
ground conduit system, the original cost was considerably 
less, it provided easy access to the cables for future 
changes and maintenance and the space on the bridge 
was large enough to carry double the number of cables 
for future expansion. 

The system was planned by the Electrical Engineering 
Department of the Ohio Works, United States Steel, 
of which Mr. M. J. Burger is General Supervisor. 

For complete information on USS Tiger Brand Armor- 
lokt Cable, write American Steel & Wire, Dept. 0431, 
614 Superior Ave., N.W., Cleveland 13, Ohio. 


USS, Tiger Brand, and Armoriokt are registered trademarks 


A standard cable for every special job * Asbestos Wire 
and Cable e Mold-Cured Portable Cord e Shovel & 
Dredge Cable « Paper & Lead Cable « Varnished Cambric 
Cable « Interlocked Armored Cable e Special Purpose 
Wire & Cable e Aerial, Underground and Submarine Cable 


Suspension bridge carrying six USS Tiger Brand Armorlokt Cables out in the 
open for easy access. 








UNITIZED 


COMMUNICATION 
EQUIPMENT for 
POWER and INDUSTRY 


extremes of 


@ Highly effective eae 
outines noise and ed 
fh 


temperature. 


(AZ it 


Plug-in units provide ease 
of installation, expansion 
\ and maintenance. 


Transistors and rugged, 
industrial type components 
used throughout. 


Central control cabinet, 





costly engineering and 
< fabrication eliminated. 


VAAsl-1e-S'2-1 ko Malle Lal hame(=1ol-lalelo] ol (-¥ 
voice communication system for 
use in high noise level areas is 
needed—you'll find GAI-TRONICS 
specified by name. 


GTC is 


flexible in applicatiar 


extremely 


Write today for a 
copy of our completely 
Niltrsigehi-;¢Mmel-tiaal hina 
Yolo) 4C-Samclale Malolul-Eohi 


nearestrepresentative 


GAI-TRONICS 


CORPORATION 





Industrial Notes 
(Continued from page 42A) 


Melpar, inc. 
Falls Church, Va... 


Melpar, Inc., has delivered 23 


beacon antenna systems to Collins 


Radio Company for use with the com- 
munications subsystem being supplied 
for the manned orbital Mercury space 
developed by McDonnell Air- 
craft Corporation. The antenna systems 
circularly polarized, omni- 
directional radiation coverage which 
reliable lock-on of 
ground-based tracking antennas. Form- 


capsule, 
provide 
is optimum for 
ing part of the missile or space-vehicle 


skin, the antenna 
windows are transparent to radio sig- 


electromagnetic 


nals, yet can stand the extreme heat of 
re-entry into the atmosphere. Designed 
to withstand surface temperatures of 
5,000 F (approximately half the tem- 
perature of the sun’s surface) for several 
seconds, and 1,500 F for longer periods, 
the systems include both C-band and 
S-band antennas, each antenna con- 
sisting of a circularly polarized helical 
radiator embedded in fused quartz di- 
electric. This high-temperature low-loss 
dielectric reduces size, minimizes volt- 
age breakdown, and provides thermal 
shielding, and a transmission window. 


Tennessee Eastman Co. 
Kingsport, Tenn... 


Tennessee Eastman Company's re- 
search program has been expanded 
through the creation of a new com- 
pany, Eastman Research A.G., a Swiss 
corporation with offices and labora- 
tories located in Zurich. Facilities in 
Zurich for the new company are to be 
ready for occupancy in early spring of 
1961. Eastman Research A.G. will be 
directed primarily toward fundamental 
wv basic research in the fields of poly- 
mer chemistry and physics, catalysis, 
and synthetic organic chemistry. 


McGraw, Edison—-N.J., 
Standard Oil-Ind. . . 


McGraw-Edison Company and 
Standard Oil Company have under- 
taken a project for joint research and 
development on fuel cells. The initial 
2-year agreement calls for combining 
know-how in their respective fields of 
the Thomas A. Edison Research Labo- 
ratory division of McGraw-Edison at 
West Orange, N. J., and Standard Oil's 
research and development department 
at Chicago, Ill., and Whiting, Ind. The 
joint project is directed at finding a 
practical and economical method for 
oxidizing hydrocarbon, alcohol, or hy- 
drogen as fuel for the cell. A few exper- 
imental energy cells already have been 
developed, but none has been practical 
enough to meet the requirements for 
using a cheap fuel that will provide the 
required power output for commercial 
Battery 
Division has been producing a semifuel 
cell for over 10 years. Known as their 
Carbonaire battery, 
and air as fuels to generate electricity 
directly. 


use. McGraw-Edison Primary 


this cell uses zinc 


Arwood Corp. 
New York, N.Y... 


This intricately shaped part is a 
housing unit used in a missile. For- 


] 
1 
i 
merly, it took a total of 2 man-months 
to machine the parts and then solder 


them together. Designed by Sanders 
Associates, Inc., of Nashua, N. H., the 
part is being investment cast at the 
Tilton, N. H. plant of the Arwood 
Corporation, where it is produced by 
the relatively new ceramic shell in- 
vestment casting process, cutting ma- 
chine time to 1 week. The flexibility 
of design, which permitted casting of 
proved-out portions of the part, and 
experimental machining of other por- 
proved invaluable in making 
possible the saving in cost and time 
through the investment casting 
pre COSS. 


tions 


(Continued on page 50A) 
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MEGA-POWER 


1310 SERIES 


MAGNETIC AMPLIFIERS 


the NEWEST in a complete line from the pioneer 
in magnetic amplifier design and development 


Seven sizes, from 75 H.P. to 400 H.P. 
Recommended when high capacity controlled 
DC power is required for variable-speed DC 
motor drives. As replacement for conven- 
tional motor-generator power supplies, these 
static devices are more compact, more relia- 
ble, last longer and require less maintenance. 





An excellent source of controlled DC 
power for plating, electrochemical processes, 
accelerator magnets and other DC applications. 


A Other Mega-Power units are available in 
sizes up to 2.5 Megawatts. 


Write for Complete Information on this New Line of 
Vickers Magnetic Amplifiers. Ask for Bulletin 1310-3. V l C K E R h) | N C 0 R P 0 R A T E D 


Division of SPERRY-RAND Corporation 


FALEcTRIC EJ RODUCTS PJIVISION 


1735 LOCUST STREET 
EPA 1290-2 SAINT LOUIS 3, MISSOURI 
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Southern States 115 kv, 600 ampere Type GG switches being installed. The GG is available in 
voltage ratings from 34.5 kv - 161 kv and continuous current ratings of 600 and 1200 amperes. 








CURRENT FOLLOWS LOW RESISTANCE 
PATH THROUGH SOUTHERN STATES’ 
BRAIDLESS AIR SWITCHES 


Southern States has solved the big problem of 
providing efficient current transfer in high pres- 
sure, braidless side-break air switches. A unique 
design overcomes any question of reliability in 
the two current-carrying swivel assemblies in- 
herent in this type of switch, 

As a result, in the new Southern States Type 
57L and Type GG you can now be assured of low 
resistance through each swivel assembly, ade- 
quate capacity for short circuit currents, and 
freedom from corrosion and contamination. 

This is accomplished by the four-piece swivel 
units* consisting of carefully machined terminal 
and blade castings, hinge pin, and pressure clamp 
—securely bolted together so that the pressure 
clamp and terminal casting fit into deep, match- 
ing grooves on the hinge pin. The silver-plated 
grooves provide a natural barrier to foreign 
matter, act as a stable bearing surface for the 


terminal, and furnish a liberal contact area. The 
assembly is permanently sealed with a non-aging 
lubricant. 

The hinge pin and terminal casting are kept 
under high pressure by a stainless steel coil spring 
(insulated by a nylon spacer) to establish the 
most efficient current interchange point. 

The entire assembly, although under high 
pressure, rotates smoothly—without binding or 
wedging. It operates satisfactorily under short 
circuit conditions and well within the limits de- 
fined by NEMA for continuous current per- 
formance. 

AmpuitacT® contacts are added assurance of 
contact performance under extremely high fault 
currents. 

For complete details on these new braidless 
switches, contact your Southern States repre- 
sentative or write directly to us. 


*Toggle point of 57L switch blade uses modified version of this assembly. 


E 


Type 571 braidless side break available in voltage rat- 
ings from 7.2 kv - 161 kv and continuous ratings of 600 
and 1200 amperes. 


IN CANADA Dominion Cutout Co., Ltd., Toronto 


SWIVEL ASSEMBLY—CUTAWAY VIEW 

The GG uses the swivel assembly shown as the pivot 
on both rotating insulators. The 57L uses an identical 
assembly on its rotating insulator and the same con- 
struction principle at the toggle point of the 57L blade. 





Industrial Notes 


(Continued from page 46A) 


TELautograph Corp. 
Los Angeles, Calif... 


TELautograph Corporation has 
been notified by American Telephone 
& Telegraph Company (AT&T) that 
for the first time message rate tele- 
writer service will be permitted over 
telephone lines on a local and long- 
range basis, thus making it possible 
to send a hand-written message in- 
stantaneously by telephone. The new 
service utilizes an analog subset, which 
can be attached to an ordinary phone 
by AT&T. The TELautograph Tele- 
writer can be connected to this. Tele- 
phone subscribers will be charged for 
written messages on a basis similar to 
that used for regular calls. It is ex- 
pected that both the service and the 
analog subsets will be made available 
by the telephone company in the fall. 
The equipment will make it possible 
for a telephone subscriber to write a 
message in his own handwriting, con- 
cluding with his own signature, after 
a phone conversation from any point 
in the United States to any other point. 
The system promises to be an invalu- 
able aid in transmitting diagrams, sign- 
ing contracts, etc. 


Ford Motor Co. 
Newport Beach, Calif. . . 


The U. S. Navy’s Bureau of Naval 
Weapons has awarded a contract to 
Ford Motor Company’s Aeronutronic 
Division (Aeronutronic) to investigate 
the feasibility of an under-sea warfare 
device originally developed by Aeronu- 
tronic with company funds as a pro- 
prietary item. Under terms of the 
contract, amounting to $175,000, 
Aeronutronic will carry out further 
development, prototype fabrication, 
and preliminary operational testing of 
the device for the Bureau of Naval 
Weapons. Details of the device are 
classified. 


Midwest Piping Co. 
St. Louis, Mo... 


Midwest Company has 
contracted to fabricate and erect the 
piping system for a new 250,000-kw 
unit of Cleveland Electric Illuminating 
Company's Lake Shore Station on Lake 
Erie, in Ohio. The piping firm has al- 
ready begun engineering work on the 
$2 million project, which will include 
high-pressure piping, low-pressure pip- 
ing, and instrumentation. Operating 
conditions will be 2,520 psi at 1,000 F. 
Final work is scheduled for completion 
early in 1962. 


eae 
Piping 
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Aluminum Co. of America 
Pittsburgh, Pa... 


A new research laboratory to serve 
the electrical industry will be built in 
Fort Wayne, Ind., for Rea Magnet 
Company, Inc., subsidiary of Aluminum 
Company of America. The laboratory 
will be built on a recently acquired 
tract of land southeast of Fort Wayne, 
about 21% miles from the company’s 
Fort Wayne works and main office loca- 
tion. A tentative schedule for the proj- 
ect calls for completion of the labora- 
tory in 1961. Activities of the new 
laboratory will include improvement 
and development of insulations for 
copper and aluminum round magnet 
wire, investigation of insulations for 
aluminum sheet and foil strip conduc- 
tor, and development of techniques 
and engineering data for manufacture 
of coils from round wire and strip con- 
ductors. 


Alden Co. 
Westboro, Mass... 


The Meteorological Division of 
the U. S. Navy Bureau of Weapons has 
ordered 150 advanced-design high- 
speed facsimile weather map recorders 
from the Alden Electronic & Impulse 
Recording Equipment Co., Inc. The 
recorders will be installed at shore- 
based weather stations of the Navy and 
Coast Guard, and will receive the 
weather map transmissions sent out by 
the Weather Bureau over the National 
Facsimile Weather Map Network. The 
new equipment will replace presently 
used recorders, increasing recording 
capacity to 120 scan lines per minute. 
The Weather Bureau will begin trans- 
missions at the new rate on December 
15, using Alden continuous flat-copy 
facsimile scanners. 


The Bendix Corp. 
North Hollywood, Calif... 


A new low-cost Bendix-marine 
automatic pilot has been modified to 
incorporate advanced compass engi- 
neering formerly available only in 
more expensive systems. The rugged 
model /25B pilot will appeal particu- 
larly to boat owners wanting simpli- 
fied operation, according to The Ben- 
dix Corporation’s marine department. 
Its magnetic compass unit utilizes a 
new-type floating card and photocell 
conductive element. The system in- 
cludes the binnacle, steering motor 
with manual clutch, and control unit. 
The control box includes the on-off 
switch, weather sensitivity control and 
provision for a remote course-changing 
and dodging accessory. 


Thompson-Ramo-Wooldridge 
Beverly Hills, Calif. . . 


The Thompson-Ramo-Wooldridge 
Products Company has changed its 
name to TRW Computers Company. 
The company will continue to function 
as a computer division of Thompson 
Ramo Wooldridge Inc. Headquarters 
will remain in Beverly Hills. TRW 
Computers will assume the responsi- 
bility in the commercial field for mar- 
keting, applications engineering, in- 
stallation engineering, programming, 
and maintenance of digital equipment 
developed by the Ramo-Wooldridge 
Division. Sale of large developmental 
systems to military agencies will con- 
tinue to be the responsibility of the 
Ramo-Wooldridge Division. 


Prestoseal Mfg. Corp. 
Long Island City, N.Y... 


The _ Prestoseal Manufacturing 
Corporation has been given the Gov- 
ernment’s General Service Agency 
award in the microfilm field. The 
award, known as FSC Group 67 Photo- 
graphic Equipment, Part IV Item 21-1 
and Item 21-5, carries with it the au- 
thorization to all Government agencies 
which may have use for microfilm or 
tape splicing equipment to employ the 
services of Prestoseal when buying such 
equipment. Covered are Microfilm and 
Magnetic Tape Splicer Series 100.1 to 
100.7 (16 mm to 70 mm), as well as an 
adapter for intermix splicing of dif- 
ferent base materials. 


Potter Instrument Co. 
Plainview, N.Y... 


A high-speed 26-column, numeric 
printer made by Potter Instrument 
Company has been selected for use in 
the Air Force AN/GJQ-9 automatic 
ground checkout system for the Douglas 
Skybolt missile. Bendix Support Equip- 
ment, the Teterboro, N. ]., section of 
the Bendix Corporation, is prime con- 
tractor for the system. The Bendix- 
built checkout equipment will be used 
at depots and launching sites to check 
launching readiness of the Skybolt. 
System requirements called for a highly 
reliable printer, in an unusually small 
package and able to operate under 
extreme environmental conditions. 
Potter’s model 3333 printer, which met 
these specifications, is completely tran- 
sistorized, operates at speeds up to 600 
lines per minute, and has a self-con- 
tained paper supply and _ take-up. 
Serving as one of the system readouts, 
the Potter M3333 gives a permanent, 
printed record of every missile test as 
well as go-no-go indications. 


(Continued on page 56A) 
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you to calculate your probability 
for success at LMED—in 1 hour 


at your own home! 
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BY GENERAL ELECTRIC’S LIGHT MILITARY ELECTRONICS DEPARTMENT 


If you’ve been thinking of changing 
your job some day—or in the near 
future—but have hesitated because 
of the many uncertainties involved, 
Light Military’s new concept in 
professional job selection will be 
of paramount interest to you. 


What is it? 


The new concept is based on a series 
of technical tests developed and pre- 
tested by Light Military engineers. 
They are designed to he taken, scored 
and evaluated by the individual 
engineer, all in the privacy of his own 
home. And, because the sole purpose 
is to provide you with a novel, objec- 
tive means for self-appraisal, your 
score need not be divulged to us at 
any time. 





EE 


be 


- involved — but only to the de- 


Facts 
about the tests 





1 Each technical test is com- 
posed of 40 multiple choice 
questions. 


2 To find answers for some 
questions, mathematics is 


gree normally associated with 
the work. 


The “mix” of questions in- 

cludes some easy ones, 
some bordering on the state of 
the art. 


4 None of our engineers 
achieved a perfect score. 


5 The test for Engineering Ad- 

. ministration is psychologi- 

cal, designed to reveal aptitudes 

and abilities most often found 
good engineering man 


agers ah 
i administrators. é. g 
oa errs Sais ae 








Here's how it works: 


First, fill out the coupon below and 
check off the tests which apply to your 
training and professional experience. 
Forward the completed coupon to us 
and in a few days you will receive the 
tests, a sealed answer sheet and ex- 
planatory material. 


During a convenient hour at home, 
take the test and score it with the 
answer sheet provided. Then, compare 
your performance with the criterion 
group composed of Light Military 
engineers at all levels who took the 
same test. In most cases you will be 
able to relate your score to years of 
experience, from 2 to more than 10. 


What it measures: 


If your adjusted score is equal to, or 
more than the years of experience you 


possess, the probability is excellent 
that a significant community of tech- 
nical interest exists between you and 
The Light Military Department. In 
addition, a valid assumption can be 
made that a high probability for suc- 
cess awaits you here. And remember, 
your score need not be divulged to us 
at any time; it is for your own guid- 
ance exclusively! 


CURRENT AREAS OF ACTIVITY 
AT THE LIGHT MILITARY DEPT. 


SPACE COMMUNICATIONS & TELEMETRY ¢ 
MISSILE & SATELLITE COMPUTERS e SPACE 
VEHICLE GUIDANCE « UNDERSEA WARFARE 
SYSTEMS « THERMOPLASTIC DATA STORAGE 
e SPACE DETECTION & SURVEILLANCE ¢ 
COMMAND GUIDANCE & INSTRUMENTATION 
e INFRARED MISSILE APPLICATIONS 


MAIL THIS COUPON FOR YOUR TESTS 


Mr. R. Bach 


Light Military Electronics Dept. 


General Electric Company, French Road, Utica, New York 


Please send me tests (limited to 2 subjects per individual) answer 
and self-evaluation sheets covering the areas checked: 


(] RADAR [] MICROWAVE [7] ELECTRONIC PACKAGING (ME) 
(] COMMUNICATIONS [) ADMINISTRATIVE ENGINEERING 


NAME 





HOME ADDRESS. 


HOME PHONE 





CITY. 


ZONE 





STATE 





DEGREE(S). 





ZX. 


YEAR(S) RECEIVED. 
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EASILY TRAINED 
LONG 
RUNS 
FLEXIBILITY FOR 
FUTURE CHANGE AND 
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WHAT GOES ON HERE? 


Bell Telephone Laboratories’ new electronic 
“nerve cell” is a step toward finding out 


One fascinating area of communications has long re- 
sisted exploration — what happens inside the nervous system 
when you see, or when you hear. 


This area is of special interest to telephone science; 
knowledge of how the nervous system handles sound and 
picture signals can help determine what information is 
essential to perception. This in turn may lead to more 
efficient communication instruments and systems. 


To probe the mystery of nerve activity, Bell Telephone 
Laboratories scientists have developed an electronic model 
of a living nerve cell or neuron. Consisting of transistors, 
resistors, capacitors and diodes, the “artificial neuron” 
exhibits many of the characteristics of a living neuron; for 
instance, “all-or-none” response and fatigue. 


Network of neurons is assembled by L. D. 
Harmon of Bell Laboratories, the initiator of 
this new research. Many kinds of assemblies 
are possible. 


In one experiment at Bell Laboratories, a network of 
artificial neurons is subjected to a stimulus from light 
through a set of photocells. The network can distinguish 
specific patterns of light and dark, thus duplicating roughly 
some of the eye’s basic reactions to light. Similar studies 
are underway to explore our hearing processes. 


At present, too little is known about neural action to 
permit exact electronic duplication. But experiments with 
artificial neurons can provide suggestive clues, contributing 
to a stimulating interplay between electronics and neuro- 
physiology which may help workers in both disciplines. 


The human nervous system, including the brain, is the 
most efficient and versatile data processing system known; 
and data processing is an essential part of communications. 
The artificial neuron provides a new approach to investi- 
gating and understanding basic nerve network functions. 
It is a fresh example of how Bell Telephone Laboratories 
constantly explores new frontiers to improve America’s 
communications system, now and in the years ahead. 


A single artificial neuron. It delivers electri- 
cal impulses when stimulated, like a living 
cell. Neurons are also being used for research 
into hearing. 


BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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POSITIONS OPEN 


PROFESSOR OR ASSOCIATE PROFESSOR of 
Electrical Engineering to teach and do research 
in the field of communications. Should have 
Ph.D., teaching and research experience. Write 
Box 56. 


GRADUATE ASSISTANTSHIPS are available 
at a university in the Southeast for September, 
1961. Assistants may obtain the Master of Science 
degree in Electrical Engineering in twelve 
months. Tuition free. Write to Box 99. 


SALES & DESIGN ENGINEERS: Top notch 
positions for Electrical Engineers in sales and 
design field at expanding manufacturer of in- 
duction melting and heating equipment. Metal- 
lurgical background helpful. Positions involve 
some travelling from home office near Philadel 
phia. Liberal salaries, bonus: and profit sharing 
reflecting the abilities of the nen we seek. Send 
photos and resumes in complete confidence. 
Inductotherm Corporation, 412 Illinois Avenue, 
Delanco, New Jersey. 


PERMANENT OPENINGS for Electrical Engi 
neers and Mechanical Engineers experienced in 
the design of hydroelectric projects. Prefer 
graduate registered engineers with 4 to 10 years 
experience, Career opportunities in Denver office 
of growing organization with excellent employee 
benefit program. Mail resume to Engineering 
Consultants, Inc., 1901 South Navajo Street, 
Denver 23, Colorado 


ELECTRICAL SUPERINTENDENT — LATIN 
AMERICA. Long established United States firm 
has outstanding opportunity for Electrical Engi 
neer in its largest Latin American division. Will 
direct diversified electrical department including 
power plants, city utilities, telephone system and 
newly constructed production plants. BSEE plus 
at least five years’ experience required Knowl 
edge of Spanish helpful but not essential. For 
full information regarding position, benefits and 
salary, write in confidence. Please send complete 
resume including present salary with first letter 
Write Box 106. 


ELECTRICAL ENGINEER, Graduate, with ex- 
perience in the utility or a related engineering 
field for a choice of openings in Substation 
Design, Transmission Line Construction & De- 
sign, System Planning, Distribution Planning, 
and Communications sections. Starting salary— 
up to $10,000, depending on qualifications. Lo 
cation—Midwest. Your inquiry will be held in 
confidence. Box 108 


TEACHING POSITION IN ELECTRICAI 
ENGINEERING open to teach machinery and 
other undergraduate subjects. Also, some grad- 
uate courses at night. MS or Ph.D preferred 
Appointment February or September. Write to 
Head, Electrical Engineering Department, Uni- 
versity of Akron, Akron 4, Ohio 


WE HAVE AN important opening for an En- 
gineer. An electrical background is preferred 
but not necessary provided he can demon 
strate by test report or by reference to asso- 
ciates, that he has a high intelligence quota 
The man we are interested in must desire en- 
gineering accomplishment rather than adminis 
tration. That to us means the ability to start 
with a concept and carry through to the avail 
ability of the product in production. Technical 
support is of course prov ided, but the respon- 
sibilities lie with the engineer. The compensa- 
tion level of the right man will be in line 
with the top brackets of salaries paid by the 
industry. If you are interested, please get in 
touch with me _ personally Ww H Walter 
Vice President, Electric Regulator Corporation, 
Norwalk, Conn 


POSITIONS WANTED 
RELAY ENGINEER—24 years of experience in 
all phases of relay protection for substations, 
seem plants, and transmission facilities. Age 43 
Jesirous Of challenging opportunity. Write Box 
102 
COMPUTER ENGINEER, 32, BSEE. Ten years 
development experience in data handling and 
digital computers. Complete circuit and logical 
design on commercial and military computers 
Prefer small company, in suburban location, that 
needs engineering talent. Write Box 105 
ENGINEER — B.S.E.E. — POWER — P.E. — 
36, Family, 2 years general utility engineering, 
i.e. distribution, transmission, board studies, 
relays, etc.; 842 years Industrial Power Sales 
for large electric utility. Complete resume on 
request. Location open. Box 109. 
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From brawny, liquid-filled transformers 
outside of the Math and Physics Building, 
Field House, and Fine Arts Building, to 
whisper-quiet dry type units in the class- 
rooms, laboratories, and dramatics hall, 
the Univcrsity of Wichita uses Marcus 
transformers for dependable, trouble-free 
performance. 

All Marcus transformers, both dry and 
liquid-filled score ‘‘excellent’’ in factory 
tests. Loss tests, hi-pot tests,impulse tests, 
and sound-level tests are passed with 
flying colors. For full power and guaran- 
teed satisfaction, specify Marcus for your 
next transformer installation. 





Representatives in Principal Cities 3 


1500 KVA OIL FILLED TRANSFORMER 


MARCUS transrormer co, inc. 


RAHWAY, NEW JERSEY 
A COMPLETE LINE OF DRY TYPE AND LIQUID-FILLED TRANSFORMERS THRU 5000 KVA 
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Industrial Notes 
(Continued from page 50A) 


Corning Electronic Components 
Corning, N.Y... 


Corning Electronic Components 
has announced plans to build a new 
plant at Raleigh, N. C., for production 
of glass capacitors. The I-story plant 


will be located on a 32-acre site just 
northeast of Raleigh, and construction 
is expected to be completed by sum- 
mer, 1961. The new facility which will 
increase manufacturing space in the 
Corning Glass Works department by 
80°, will be Corning’s third major 
facility for manufacture of electronic 
components. It will contain about 120,- 
000 square feet and employ about 275 
persons. 


Olin Mathieson Chemical 
New York, N.Y... 


Olin Mathieson Chemical Corpo- 
ration has adapted a fast, economical 
welding process to the manufacture ol 
aluminum products. Refinements de- 
veloped by the company’s Metallurgi- 
cal Research Laboratories during a 
2-year study program should make the 
MIG arc spot welding process useful to 
makers of aluminum boats, truck trail- 
ers, shipping containers, window and 
door frames, grating, electronic com- 
ponents, and other items. A form of 
consumable electrode, inert gas shield- 
ed, and metal arc welding (MIG: 
metal, inert gas), the process is expected 
to result in more rapid production, 
equipment 
savings, and improved product appear- 
ance, as compared with those attainable 
with riveting or conventional resist- 
ance spot welding. 


substantial labor and 


North American Aviation 
Canoga Park, Calif... 


The National Aeronautics and 
Space Administration (NASA) has com- 
pleted contract negotiations with Rock- 
etdyne, a division of North American 
Aviation, Inc., to develop a 200,000- 
pound-thrust rocket engine. Work 
under the contract, valued at approxi- 
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mately $44 million, will start immedi- 
ately. The contract provides for a 41/- 
year development and qualification 
program to advance the hydrogen- 
fueled engine to proven flight capa- 
bility. The new engine, designated J-2 
by Rocketdyne, may be used in clusters 
of two or four to power the second 
and third stages of advanced versions of 
NASA’s Saturn space vehicle. First 
models will have single-start capabili- 
ties, but simple changes later will allow 
multiple starts during flights. The first 
version of Saturn will be operational 
in 1964. Its first stage will be an 8- 
engine cluster producing 1.5 million 
pounds of thrust. The second stage 
will be four 17,500-pound-thrust hydro- 
gen-fueled engines, and the third stage 
will be two 17,500-pound engines. 
Advanced Saturns, using new J-2 en- 
gines, will follow in the 1960's. The 
initial Saturn will be able to boost 
20,000 pounds into a low earth orbit, 
or 6,000 pounds on an escape mission. 
Clustering two J-2’s in the advanced 
Saturn’s second stage could increase its 
weight-lifting capacity by 50%, and a 
4-engine cluster would almost double it. 


Northrop Corp. 
Beverly Hills, Calif... 


Page Communications of Washing- 
ton, D.C., a subsidiary of Northrop 
Corporation, has been awarded a con- 
tract by the U. S. Information Agency 
for the architectural design and engi- 
neering phase of an estimated $12,627,- 
000 Voice of America (VOA) Inter- 
national Broadcast facility to be located 
outside Monrovia, Liberia. The VOA 
station, when completed, will be simi- 
lar to the other VOA relay installations 
now in service around the world. The 
Liberia station will be used by the 
VOA to provide relay broadcast serv- 
ice to Africa, the Middle East, and 
Central Europe. Page will be respon- 
sible for the design and engineering 
aspects leading to the creation of such 
a broadcasting facility. This will in- 
clude the preparation of construction 
drawings and specifications, site sur- 
veys, and preparation of procurement 
specifications for all structural, oper- 
ating mechanical, electrical, and elec- 
tronic equipment. 


Goodyear Aircraft Corp. 
Akron, Ohio... 


Delivery of the first antennae for a 
new taxi radar system which enables 
airport traffic controller to “see and 
sort” aircraft and ground vehicles even 
in “ceiling zero” conditions has been 
made by Goodyear Aircraft Corpora- 
tion. The firm produced the reflector, 
support trusses, and pedestal under 
contract to Airborne Instruments Lab- 


oratory, which developed the taxi ra- 
dar, officially known as Airport Surface 
Detection Equipment. The reflector, 
made of Bondolite sandwich material 
consisting of stretched aluminum faces 
with an aluminum honeycomb core, 
can rotate 360 degrees at 60 rpm. 
Scheduled for installation by the Fed- 
eral Aviation Agency and the Air 
Force at major airports throughout the 
country, the system provides a high 
resolution “picture” of the entire air- 
field and surrounding area 


Electronic Communications 
St. Petersburg, Fla... 


Electronic Communications, Inc 
(E.C.1.) has announced an arrange- 
ment with Western Union Telegraph 
Co. whereby Western Union will 
market on an experimental basis “Elec- 
tronic Messenger’”’ facsimile equipment 
manufactured by E.C.1., which makes 
the only letter-size facsimile transceiver 
available today. This new unit can be 
used alternately as a receiver or a trans- 
mitter, and utilizes humidified paper. 
Western Union will initially purchase 
100 Electronic Messenger units, and 
handle the leasing and servicing of units 
now being performed by E.C.I. for 
its Customers. 


Philadelphia Electric Co. 
Philadelphia, Pa. . . 


Philadelphia Electric Company 
has designed and installed four all- 
aluminum reactor cages at their new 
Blue Grass Substation. By using alu- 
minum, the utility anticipates service- 
life cost savings over galvanized steel 
structures. Another advantage gained 
is that electrical problems due to the 
use of magnetic materials in enclosure 
structures have been eliminated. Built 


around a frame of aluminum structural 
members, the enclosure employs a 
unique extruded aluminum angle 
member, welded to form panels for 
front and back sections. Sheets of ex- 
panded mesh aluminum are dropped 
into channels in the extruded angle, 
and are held in position by crimping 
the edges of the channel at several 
points. Cage sides are aluminum sheet. 
Buses are welded tubular aluminum. 
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ENGINEERS: SCIENTISTS 


MISTRAM 


-+- the next generation system for precise missile 
trajectory measurement being developed by 
General Electric’s Defense Systems Department 


OPPORTUNITIES AVAILABLE NOW 


By joining Defense Systems Department now, you can take an 
increasingly important part in the long-term development of 
MISTRAM. And, you'll be able to broaden your technical knowl- 
edge by applying your specialty in the ever more critical field of 
large-scale system engineering. Significant experience in any of 
the following areas can qualify you: 


Test Equipment « Consoles 

Digital Data Transmission & Recording 
Power Generation & Transmission 

Digital & Analog Computing « C-W Radars 
Feedback Control « Acquisition & Tracking 
Airborne Transponders 

Microwave Communications 


> For a more complete technical description of MISTRAM 
—and full details of current opportunities on a broad 
aR A scope of systems programs at DSD — write today to 
PLLA Mr. E. A. Smith, Box 11-V 


reevyy DDD) 


DEFENSE SYSTEMS DEPARTMENT 


A Department of the Defense Electronics Division 


GENERAL @@ ELECTRIC 


Northern Lights Office Building, Syracuse, New York 





A Basic MISTRAM system features radio 
receiving stations in “L-shaped configu- 
ration. Signals from missile transponder 
are measured on CW carrier for computer 
calculation of phase differences. These 
yield missile position, velocity and trajec- 
tory data through spatial intersection of a 
sphere (range from central receiving sta- 
tion) and hyperboloids of revolution (range 
differences from remote receiving stations). 


DSD’s important new 
MISTRAM System embodies these 


features: 


@ Greater accuracy and range than any 
existing missile trajectory measurement 
system 


@ Reduction of many previously standard 
tracking system components by eliminating 
high precision radar tracking antennas 


@ Instantaneous correction of electrical 
baseline length errors through phase 
stabilization techniques 


B Ability to utilize orbiting satellite to 
virtually eliminate present day survey errors 


Defense Systems Department 
is Prime Contractor for MISTRAM, 


DSD is now developing a basic system 
unit which can be multiplied many times 
over and integrated into a vastly extended 
MISTRAM system, using G-E’s ‘building 
block’ approach. Ultimately this would 
provide hemispheric coverage for missile 
trajectory measurement. 
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Professional Engineering Directory Card i” or 2” 12 times $180.00 





ELECTRICAL TESTING 
LABORATORIES, INC. 


2 East End Avenue, New York 21, W. Y. 


Electrical, Electronic, Environmental, 


Photometric and Chemical Laboratories 


Testing, Research, Inspection and Certification 








THE KULJIAN CORPORATION 


Engineers ¢ Constructors « Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 


Utility « Industrial ¢ Chemical 
1200 NO. BROAD ST., PHILA. 21, PA. 





MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 

















INTERNATIONAL 
ENGINEERING COMPANY. INC. 


Engineers 
Investigations—Reports—Design 
Procurement—Field Engineering 

Domestic and Foreign 
74 New Montgomery St., 
San Francisco 5, Calif. 








MEASUREMENTS 
A McGraw-Edison Div. 
RESEARCH & MANUFACTURING 
NGINEERS 


Specialist in the Design and 
Development of 
Electronic Test Instruments 
Boonton, N.J. 








SVERDRUP & PARCEL ENGINEERING CO. 


Engineers—Architects 


Electrical Studies & Planning 
Transmission—Distribution—Control 
Power Plants—Industrial Plants 
Test Facilities—Development—Design 
Supervision of Construction 


St. Louis San Francisco 

















CONSULT THIS 
DIRECTORY 
when in need of specialized 


engineering service 








BLACK & VEATCH 


Consulting Engineers 


Electricity—Water—Sewage—Gas 
Industry Reports, Design, 
Supervision of Construction, 

Investigations. Valuation and Rates 
1500 Meadow Lake Parkway 


Kansas City 14, Missouri 





JACKSON & MORELAND, INC. 


Jackson & Moreland International, Inc. 
ENGINEERS and CONSULTANTS 
Electrical—Mechanical—Structural 

Design and Supervision of Construction 


“te f -:- 





Utility, Industrial and Atomic Projects 
Surveys—Appraisals—Reports 
Machine Design—Technical Publications 
BOSTON WASHINGTON NEW YOR 














HIGHLAND DESIGN INC. 
William R. Spittal & Staff 


Design, Development and Manufacture 
of Transformers. Chokes, Etc. 


or the 
Electronics, Industrial and Allied Fields 


90 Magnolia Ave., Westbury, L.L, N.Y. 


EDgewood 3-2933 








MULTI-AMP Division 
MULTI-AMP ELECTRONIC 
CORPORATION 


Build 
se 





> id E i 
Posnane Electric Test Equipment 
Field and Lab load Boxes 
For low-voltage testing and calibtating of cir- 
cuit breakers, protective and overload relays, 
reclosures, watthour meters, fuse links. 
467 B Lehigh Ave. Union, N. J. 
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SARGENT & Levene 
ENGINEERS 


Consultants to the Power Industry 
STUDIES « DESIGN « SUPERVISION 
140 South Dearborn Street, Chicago 3, III. 
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One of a series 


Catching the Drift of Gyro Bearings 


The fantastic accuracies needed by inertial guidance systems for space 
flight depend on the suppression of gyro drift, the tendency of a gyro 
to precess from minutely occurring internal torques. Particularly 
puzzling has been the problem of “jogs,” or sudden axial shifts, within 
gyro spin-axis bearings. Shifts of but one ten-millionth of an inch can 
cause serious steering error. 


Specialists at the GM Research Laboratories have found that the real key 
to drift lies in the thickness and distribution patterns of bearing 
lubricating films. Only a tenth of a milligram of oil — equivalent in 
volume to less than two-thousandths of a drop of water — is required in 

a gyro bearing, but even this amount unevenly distributed may cause jogs. 


Conducting unique studies of single bearings apart from rotor 
assemblies, GM Researchers use a hydrostatic spindle and special 
instrumentation to take film-thickness measurements they compare 
with hydrodynamic theory. Jogs, due to excess oil supply, have been 
analyzed in relation to surface oil transfer and separator feed control, 
ball spin orientation, displacement, and differential heating and 

ball wander. 


This experimental and analytical approach is achieving progress toward 
jog-free, stably distributed, and suitably thick oil films required in 
high-precision bearings. It is a further example of the critical and 
advanced research General Motors carries out in seeking “more and better 
things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


The fluoresced streaks show the disturbed “wake” 
of the lubricating film during bearing operation. The 
active part of the film, too thin to fluoresce visibly, 
averages ten-millionths of an inch in thickness. 








New York 


8 West 40th St. 29 


These items are listings of the Eng 
ing Societies Personnel Service, Inc. 
Service, which cooperates with 


cal, 
Chemical Engineers, is available to a 


operated on a nonprofit basis. If yo 
interested in any of these listings, an 


resume and mail to the office nearest 


place of residence, with the understa 
that should you secure a position as 


A weekly bulletin of engineering 





PERSONNEL SERVICE, INC. 


Chicago 


the no- 
tional societies of Civil, Electrical, Mechani- 
Mining, Metallurgical, Petroleum, 


gineers, members and non-members, and is 


not registered, you may apply by letter or 


rate of $4.50 per quarter or $14 per annum, payable in advance. 


NG SOCIETIES 


(Agency) 


San Francisco 


East Madison St. 57 Post St. 


sult of these listings you will pay the 
regular employment fee of 60% of Ist 
month's salary, if a non-member, or 50% if 
a member. Also, that you will agree to sign 
our placement fee agreement which will be 
mailed to you immediately, by our office, 
after receiving your application. In sending 
applications be sure to list the key and job 
number. 

When making application for a position 
include eight cents in stamps for forward- 
ing application to the employer and for re- 
turning when possible. 
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MEN AVAILABLE 


New York Office 


ELECTRICAL ENGINEER or Combination 
Electrical and Mechanical Engineering, B.E.E 
Four years’ experience in project engineering 
in the design of centrifugal compressors and 
four years’ with Public Utility in design of 
transmission and distribution lines. Salary re- 
quired: $8000-$9000 a year. Location, East (Pre- 
fer New E-210. 


Jersey) 


ELECTRICAL ENGINEER, 34, Canadian, eight 
years’ experience. Construction—Air Port, P.O.L. 
Systems, substations, submarine cables, hydro 
plants in Canada and Asia. Design—Substations, 
distribution, hydro plants including automatic 
and remote controls and thermal plants. Seeks 
U.S. or Foreign employment. Complete resume 
upon request. E-211 


ELECTRICAL ENGINEER, B.S. in E.E. Ten 
years’ with consulting firms’ on transmission and 
distribution engineering for electric utilities. 
Telepnone utility experience in power company 
relations and administration of joint use pole 
contracts, Salary open. Location, United States. 
E-212. 


TOP MANAGEMENT — Technical. College 
graduate, B.S., E.E. and P.E. Executive E.E., 
50, extensive background in ‘instrumentation, 
power and control; utilities, dust collectors in 
all industries, product development and _ con- 
sultant work. Technical top management posi- 
tion desired Northeastern States preferred, 
U.S.A, optional. Salary required: $15,000-$20,000 
a year. E-213. 


Chicago Office 


CHIEF ENGINEER, MS.E.E., 41. 19 years’ 
experience, 14 years’ supervisory work in elec- 
trical motor plants. Product design and develop- 
ment plus manufacturing and sales experience. 
Excellent reputation as design engineer and 
manager. Accustomed to close contact with top 
management. Salary required: $16,000 a year. 
Location, Open. E-1198-Chicago. 


PROJECT ENGINEER, B.S.E.E., Communica- 
tions Option, 22. Recent graduate; experience 
in radio and television repair, audio design and 
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design of ham radio gear. Also some experience 
with automatic control systems. Salary required: 
$6000 a year. Location, preferably Chicago. 
E-2000-Chicago. 


San Francisco Office 


OPERATION, MAINTENANCE  SUPERIN- 
TENDENT, EE, 59. Well rounded electrical 
operating experience with emphasis on electrical 
construction, operation and maintenance of 
power plant and substation equipment, includ- 
ing design, supervision of planning and schedul- 
ing of work estimation through to completion 
and running of operating tests. Experience in 
business management with good record of per- 
sonnel supervision. $8400-$9400. Prefer Cali- 
fornia, Northwest. Home: San Francisco. Se-1738 


SALES, APPLICATION, EE, 34. 
experience with nationally known instrument 
and electrical companies, on wide variety of 
apparatus. Accustomed to speaking before 
groups, giving instructions on technical sub- 
jects. Familiar with modern instrument tech- 
niques. $7200. Prefer San Francisco. Home: 
California. Se-1713 


Fifteen years 


JUNIOR ELECTRICAL ENGINEER, PHYSI- 
CIST, EE, Phys (Brazil), 32. Two years’ experi- 
ence in physical research electromagnetic field 
theory for research laboratory. Salary open. Any 
U.S. location. Home: San Francisco. Se-1676 


JUNIOR ELECTRICAL ENGINEER, EE, 28. 
Recent grad, will be U.S. citizen in December, 
1960. Desire starting position in design, draft, 
technician for consultant, manufacturer, etc. 
$4800. Prefer San Francisco Bay Area. Home: 
San Francisco Area. Se-1675 


SALES ENGINEER, EE, 37. Three years expe- 
rience in transmission relaying design and 
maintenance, Five years as officer in army, 
eight years experience in non-technical and 
semi-technical sales. $9,000. Prefer Northwest. 
Home: Texas. Se-1576 


DEVELOPMENT, DESIGN, APPLICATION, 
EE, 34. Eleven years’ experience charge sales, 
promotion, engineering, manufacturing, applica- 
tion of transformers, for manufacturers and 
utility. $14,000. Prefer Southwest. Home: Texas. 
Se-1543 


1AL ENGINEERING when writing to advertisers 


SALES OR FIELD ENGINEERING, EE, 39. 
Nine years experience as senior application 
engineer and test engineer for manufacturer of 
high voltage switchgear. One and a half years 
test and checkout experience on guided missile 
launching cruiser. Engineering officer USNR, 
WwW II, security clearance. $8400. Prefer San 
Francisco, East Bay, North Peninsula. Home: 
California. Se-1370 


POSITIONS AVAILABLE 


New York Office 


SALES MANAGER, Electrical, for marketing’ 
department of industrial products division, to 
assume responsibility of sales section consisting 
of field sales engineers and sales representatives 
operating in assigned territories. Required man- 
agement sales background in communications 
(RF, VHF, UHF, Microwave) systems. Heavy 
travel with reimbursible expenses. Salary, $12,- 
000-$16,000 a year. Headquarters, New York 
suburban area. W9656. 


DEVELOPMENT ENGINEERING MANAGER, 
Electrical Engineer, for product engineering 
department, industrial products division. Will 
head. department responsible for design and de- 
velopment of proprietary products and special 
customer requirements, including test and manu- 
facturing information. Background in TV 
broadcasting and communications (RF, VHF, 
UHF, Microwave) systems. Salary, $15,000-$20,- 
000 a year. Company pays placement fee. Loca- 
tion, New York Suburban area. W9655. 


SENIOR ENGINEER, ELECTRONIC, at least 
Master's degree in electronics and course work 
should include probability and statistics or 
theory of random functions, with at least eight 
years’ experience in electronic circuit design 
work, preferably in telemetry field. Will have 
responsibility for and further development of 
highly complex statistical systems. Salary, $14,- 
000-$18,000 a year. Company pays placement fee 
and relocation expenses as well as expenses for 
interviews. Location, New Jersey. W9653(a). 


ENGINEERS. (a) Director of Marketing, grad- 
uate electrical, to 45, for newly formed division 
of company manufacturing electronic systems 
and controls, i.e., scales, cameras, oscilloscope, 
stroboscope, etc. Salary, $14,000-$15,000 a year, 
lus bonus. () Plant Manager or Manufacturing 
Manager, graduate electrical, 30-45, experienced 
in manufacturing electronic complex compo- 
nents. Job shop operation. Salary, $10,000-$12,- 
000 a year. Location, Connecticut. W9650. 


ELECTRICAL ENGINEERS. (a) Control Engi- 
neer, graduate, with a minimum of three years’ 
experience in design and selection of mechanical 
and electronical control systems and equipment. 
Salary, to $8800 a year. (b) Control Engineer, 
B.S. or advanced degree in electrical engineering, 
with three to five years’ experience in design 
and testing of electrical control systems and 
instrumentation. Work involves development and 
operation of test program to monitor and 
evaluate performance of reactor system. To 
$8800 a year. Location, East. W9640. 


GENERAL MANAGER, graduate electrical, 
experienced in communication electronics, to 
run a going business engaged in sound com- 
munication equipment and with sales ability 
to obtain additional contracts using company’s 
present modern equipment. Salary, $10,000 a 
year, plus or minus plus interest in business 
and percentage in profits. Location, Maryland. 
W9635. 


PROJECT ENGINEER, electrical graduate, 
with electronics experience, familiar with power 
distribution; knowledge of carrier current help- 
ful; with four to six years’ experience in busi- 
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Opportunities in 
Systems Development 


Looking at the 
sound of words 


The plastic model shown here is a 3-dimensional repre- 
sentation of the frequency-energy pattern of the spoken 
word, “IBM.” It is one of several similar models con- 
structed from a computer analysis of speech information. 


Now under study by IBM scientists and engineers, these 
representations are yielding clues to the most promising 
characteristics of spoken words for machine speech rec- 
ognition. They are helping determine the characteristics 
that differ most consistently for different words, and are 
similar for repetitions of the same word. 


Will Men Talk to Machines? 

Interesting in themselves, the models are emblematic 
of a broad program of systems development aimed at 
making it possible for people to talk to machines. 


gee Of Ae gig 


Studies include investigation of new speech measure- 
ments and of circuits to perform these measurements; 
input and feedback devices; statistical analysis of the 
complex speech wave forms; and methods for efficiently 
storing the selected characteristics of known words for 
comparison with spoken words to be identified. 

Just One of Many Opportunities 

Speech recognition is one of many advanced tech- 
nology projects now under way at IBM. Electronic en- 
gineers are exploring new areas in systems planning, 
display, and data communications. Mechanical engi- 
neers are developing unique devices for high-speed 
access to memory and document stores. Physicists and 
chemists are making contributions in photo materials 
and in electroluminescent and photoconductor devices. 
At IBM the opportunity for achievement is as unlimited 
as the growth of the company itself. For detailed infor- 
mation, write briefly outlining your background, to: 


Manager of Technical Employment 


. 4-4 
Representation of the frequency-energy pattern of the spoken word, “IBM.” Horizon- IBM Corporation, Dept. So0Y 
tal axes; frequency and time. Vertical axis: energy. Sampling interval: 0.01 second. 590 Madison Avenue, New York 22, New York 
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ness machines and equipment. Will be respon- 
sible for the design and development projects 
of complex industrial electrical or electronic 
equipment, i.e. timeclocks, time control systems, 
etc. Salary open. Company pays placement fee 
and relocation expenses, Location, East. W9628. 


ELECTRICAL SUPERINTENDENT, graduate 
electrical, with at least five years’ experience for 
a department involving power plants, city utili- 
ties, telephone system and electrical systems of 
two newly constructed plants. Knowledge of 
Spanish helpful. Salary, $8000-$10,000 a year, to 
start; one month's vacation with free transpor- 
tation to the U.S. Location, Central America. 
F9606. 


ELECTRICAL ENGINEER, Minimum B.S. in 
E.E., with five to 10 years’ experience, including 
some administrative experience. Must be con- 
versant in all the following requirements with 
major experience, in items one through four: 
(1) High voltage operations; (2) electrical dis- 
tributions; (3) electrical controls and_ instru- 
mentation 4) induction heating and arc 
melting; (5) transformer and phase shifting 
operations; (6) electrical and electronics cir- 
cuitry; (7) generating devices; (8) welders. Loca- 
tion, western Pennsylvania. W9604. 


ASSISTANT 
Electrical 
ceive 


PROFESSORS for Department of 
Engineering, Ph.D. or about to re- 
doctorate in the near future, preferably 
qualified to teach in either electronics, controls 
or solid state February or September 1961. 
Location, East. W9588. 


PRODUCTION SUPERINTENDENT, graduate 
electrical, with 10 or more years’ experience in 
the manufacture of complex electronic systems, 
with some first level supervision of electronic 
technicians. Some experience with high volume 
assembly operations as opposed to purely job 
shop type experience helpful. Will be responsible 
for directing the production activities of all 
operating departments, aid in the establishment 
of all monthly and quarterly production sched- 
ules and the maintaining of these schedules; 
coordination between production and engineer- 
ing for any technical assistance required, etc 
Salary, $9000-$13,000 a year, with participation 
in bonus. Company pays placement fee. Loca- 
tion, Midwest. W9567. 


SENIOR INSTRUMENTATION ENGINEER, 
electronic engineer, with training at the Master 
degree levek with five to 10 years’ experience 
in instrument design or as an instrument engi- 
neer in the chemical or petroleum industry; 
familiar with conventional measuring, recording 
and control instruments for the chemical or 
petroleum industries; etxperience with the newer 
types of instruments including such fields as 
infrared, microwave, nuclear and radio fre- 
quency devices. Duties will include development 
and design of instrumentation for the chemical, 
petroleum and _ associated industries. Salarv, 
$8000-$15,000 a year. Company pays placement 
fee. Location, Midwest. W9566 


TRANSFORMER DESIGNER, 
trical, with experience in miniature military 
audio transformers. Design, specification writing 
and estimating. Salary, to $15,000 a vear. Com 
pany will pay placement fee. Location, northern 
New Jersey. W95653. 


graduate elec- 


MANAGER, Radio Engineering Department, 
degree in electrical engineering or electronics 
and training preferably in communications, with 
a knowledge of radio communications and navi- 
gation systems, countermeasures, general elec- 
tronic instrumentation. Will be responsible for 
heavy technical supervision for large systems 
projects, including particularly radio navigation 
and air traffic control equipment (VOR, DF, 
Receivers, Transmitters, Antennae) as well as 
radar and countermeasure systems. Salary, $17,- 
000 a year to start, and up. Location, New 
York suburban area. W9540. 
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ELECTRONIC ENGINEER, electrical gradu- 
ates, with at least five years’ design and devel- 
opment experience covering transistorized single 
sideband communications ,equipment and com- 
ponents. Salary, $8000-$15,000 a year. Location, 
upstate New York. W9507. 


San Francisco Office 


FIELD SUPERVISOR, (a) ME 
grad; 30-50, preferably field experience, For 
wood products manufacturer. About $8,000. 
Housing available. Pacific Northwest. $j-5568 


grad, (b) EE 


DESIGN, DEVELOPMENT with general 
microwave experience. Perform experimental 
work on microwave solid state components such 
as (lirectional couplers, filters, radiometers, 
switches, circulators & mixers. Salary open. San 
Francisco Peninsula. $j-5559 


(2), 


DESIGN, DEVELOPMENT, minimum _ two 
years’ experience in RF amplifiers and oscilla- 
tors up to VHF range and knowledge of feed- 
back theory and digital and pulse techniques 
desirable. Knowledge of microwave techniques 
desirable. For development work on_ project 
involving unique proton resonance detector and 
related systems. Salary open. San _ Francisco 
Peninsula. $j-5560 


SALES MANAGER, EE or equivalent, age open, 
strong sales background with recent three to 
five years in electronics equipment. Should be 
able to market (analysis, projections, develop- 
ment of representatives in U.S. and foreign 
countries) promote, advertise and sell sophisti- 
cated instrumentation devices (inertial measure- 
ment, pressure and pressure ratios, transducers, 
accelerometers), to aircraft companies, govern- 
ment and other 0o.e.m.'s. For established and 
growing manufacturer. $15,000 up. San Fran- 
cisco Peninsula. $j-5540 


SENIOR ELECTRICAL ENGINEER, EE. Must 
be registered in California. Five years’ experi- 
ence, three of which in electrical utility; able 
to write specifications and technical reports. 
Supervise design and field work involving elec- 
trical substations, transmission and distribution 
lines, customers’ electrical facilities; check com- 
pleted design, prepare engineering reports, write 
specifications, coordinate design and field work 
between Engineering and Construction Division. 
For public utility of city of 84,000 population. 
Southern California. $8280-10,068. $j-5527 


JUNIOR ELECTRICAL ENGINEER, preferably 
young and with switchboard experience. Able 
to prepare installation, working and job draw- 
ings, for manufacturer; shop work, assembly and 
wiring of electrical switchboards, primarily for 
secondary voltages; in small shop. Salary open. 
San Francisco. $j-5525 


PRODUCTION, PRODUCT, QUALITY, 
PLANT ENGINEERS: BS: ME, IE, EE, ChE; 
One to twenty years’ experience. As multi-plant 
manager, supervise (product, material control, 
quality, process, field service), engineer (factory, 
industrial, plant) will operate, improve, mech- 
anize and automate manufacturing operation, 
fabrication, assembly, production test on elec- 
trical, electronic, electromechanical components 
and systems, field installations and _ service. 
Primarily non-military. For major manufacturing 
corporate complex. Long time growth record. 
$20,000 up, $15,000, $14,000, $11,000, $8,000. 
New York Area, Rhode Island, New England. 
USS. $j-5519 


PRODUCT, EQUIPAGE, MANUFACTURING: 
BS: ME, EE, IE, ChE; Two years’ experience 
up. Will supervise, conduct or assist in redesign, 
pilot, production on product, manufacture, as- 
sembly or test of equipage and machinery for 
resistors, glass sealing, enclosures, networks, 
electromechanical; including methods, process, 
improvements. Primarily non-military. For major 
manufacturing corporate complex. Long time 
growth record, $12,000, $10,000, $8,000. New 
Jersey. Sj-5518 


DES, DEVELOPMENT, TEST, BS, MS, PhD; 
EE, ME, ChE, Met, Phys; Oné year or more 
experience. Will administer, plan, supervise, 
conduct or assist in design, development, pro- 
duction, test on switches, timers, motors, power 
supplies, instrumentation, hard, gay microwave, 
travel wave tubes, networks, transistor, resistor, 
potentiometer, magnetic core, pulse and data; 
including math, pilot prototype, production, 
quality, application. Primarily non-military. For 
major manufacturing corporate complex. Long 
time growth record. $14,500, $12,000, $10,000, 
$7,500. New York Area, Connecticut, New Jersey, 
Ohio. 5 17 


JUNIOR ELECTRICAL ENGINEER: EE, 25- 
35, experience in electrical utility line con- 
struction and maintenance. Work in substation, 
underground or overhead construction and 
maintenance. $7200-9000 depending on experi- 
ence. Pacific Island. $j-5548 


DESIGNERS, ME, any 
opment of mechanical systems and able to do 
required board work along with some devel- 
opment requiring original thinking for program 
of development series of proprietary devices, 
mainly in field of unique and high performance 
servomechanical transducers; including closed- 
loop accelerometer acceleration switches; single 
and double-integrating accelerometers, pressure 
and pressure-ratio devices. $8000-9000. San Fran- 
cisco Peninsula. $j-5452 


age. To assist in devel- 


PRODUCT ANALYST, EE or ME, minimum 
two years’ experience product design engineer- 
ing preferably in logical or circuitry or systems 
of business machinery. Able to write reports, 
prepare and maintain details of functions and 
engineered specifications for production and de- 
velopment, provide engineering interpretation 
of specifications to engineering personnel, con- 
duct studies and report on functional character- 
istics of competitive equipment. For business 
machine manufacturer. U.S. citizen. About 
$8400. San Francisco East Bay. $j-5544 


JUNIOR DESIGNER, recent grad or limited 
experience with aptitude and qualifications to 
assist in circuit design, logic design, general 
electronic circuitry for transistor type computer 
equipment. U.S. citizen. For manufacturer. 
$6000-7200. San Francisco East Bay. $j-5542 


CUSTOMER SERVICE ENGINEER, one to two 
years college plus at least one year experience 
in directly applicable field. To service and ad- 
just portable type instumentation magnetic tape 
recorder within plant facilities and also on 
customers’ premises throughout the U.S. (and 
possibly Europe). Must be self-sufficient after 
short period of familiarization with equipment. 
Must have experience and knowledge of instru 
ment tape system and applications. Travel will 
be required part time. Must have good appear- 
ance and be mature enough to conduct business 
with little supervision. U.S. citizen. San Fran- 
cisco Peninsula. $j-5293 


(a) SALES ENGINEER, Engineering degree; (b) 
SERVICE MAN, Primarily skilled in average 
electoronic circuitry. For sales and service of 
instruments, mainly electromechanical, used for 
research and development, production control 
and testing in chemical, rubber, plastics, nuclear 
and metal industries. Typical instruments are 
gas detector (or mass spectrometer), electronic 
manometer, vacuumeter and weathering tester. 
Salaries commensurate; suggest trial period of 
one year. Southwest and Northwest. $j-5407-R 


PHYSICISTS (Senior, Associate, Laboratory, As- 
sistant), BS, MS, PhD; EE, ME, ChE, Met, Phys; 
one year experience up. Will — supervise, 
conduct or assist in research-development on 
tubes, optics, x-ray, hightemperature, solid-state, 
ceramics (magnetrons, klystrons, travel wave, 
seals); including high math, design, construction, 
test (vacuum and radiation instrumentation), 
evaluate, application, report. Primarily non- 
military; for major manufacturing corporate 
complex. $17,000 $12,000, $10,000, $8,000. New 
York Area. $j-5516 
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ALGO” 


FOR THE BENDIX G-15 COMPUTER 


Speeds and Simplifies Problem Solving 


ALGO extends the problem-solving horizon of every engineer, focusing the speed and 
precision of the Bendix G-15 computer on any algebraically stated problem. @ A true 
mathematical equation solver, ALGO permits any engineer or scientist to program the 
computer in universal mathematical language. No previous knowledge of computers or 
programming is needed. Input/output, computation and data handling are all automatically 
controlled by the G-15 computer. @ Compare the number of steps in the ALGO program 
illustrated below with the number required to solve the same probiem on a slide rule, desk 
calculator or any other computing system. You will see the time and cost-saving significance 
of this new Bendix G-15 automatic programming aid. @ Specifically designed to take ad- 
vantage of the computing power and flexibility of the proven G-15, ALGO is the newest 
addition to an extensive library. of Bendix automatic programming systems. See how the 
low-cost Bendix G-15 and ALGO combine to broaden application boundaries. Learn how 
this powerful team can save you valuable time...and greatly simplify problem solving. 


# AN ALGEBRAIC COMPILER BASED ON INTERNATIONAL ALGOL. 
E 
VR? + (6.2832 FL — 1/6. 2832 FC) 








PROBLEM 


For values of RF & L as specified. For values of E ranging from 100 to 300 in increments 
of 50. For values of C ranging from .00002 to .000021 in increments of .0000001 ) 





COMPLETE ALGO BEGIN © 
PROGRAM: R 10 © 

f 60 © 
L 26 
FOR E 100(50)300 BEGIN © 
FOR C = 000002(c0000001).000021 BEGIN © 
! E/SQRT(R Tf 2 + (602832 * F + L — (1/(602832 * F *C))) T2) © 
PRINT (FL) E® 
PRINT (FL) —- C® 
PRINT (FL) — 1 © 


Write on your letterhead for the self-teaching ALGO manual. 


Bendix Computer Division 


DEPT. K-23 LOS ANGELES 45, CALIFORNIA 
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If interested and qualified, 
please forward your resume 
to Mr. J.E. Goode, Assistant 
Chief Engineer, P. O. Box 
748E, Fort Worth, Texas. 


ep beyond...” 


In preparing for the challenge of aero/space 
in the 1960's, Convair/Fort Worth is ex- 
panding in the field of sensors, guidance 
and control, reconnaissance techniques, data 
processing, and electronic systems. We are 
looking for imaginative and creative special- 
ists capable of evolving advanced concepts 
and techniques both analytically and in the 
laboratory. 


A Division of 


CONVAIR / FORT WORTH FR ; GENERAL DYNAMICS 








Electrical 
Engineers 


Los Angeles 


The Bechtel Corporation earnestly seeks high cal- 
iber applicants who are desirous of becoming 
established with a progressive and leading organ- 
ization with opportunities in design and con- 
struction field engineering. Those in the organi- 
zation participate in an incentive program which 
affords opportunity, added benefits and security. 


Minimum 6 yearg experience in design of steam 
power plants or heavy industrial projects. Areas 
of work include power distribution design, equip- 
ment specifications, control circuit and control 
board design, instrumentation and automation 
Supervisory experience and leadership ability de- 
sired. B.S. degree required. 


Relocation allowances cover moving costs plus 
transportation reimbursement for you and mem- 
bers of your family. Send confidential resume, 
including present and required starting salary, 
to Technical Recruiting Division. Personal inter- 
views will be arranged for qualified candidates. 


bechntel 


Corporation 
5120 Soto Street 
Vernon, California 














CURRENT 
TRANSFORMERS 


Take your pick 
upon receipt of 





(reduced 4 times actual size) 


from these items and we shall be glad to quote you 
your specifications.—Remember there is no set-up 


charge for small quantities of special constructions. 


COILS, paper section, form wound and special constructions. 
CORES, TOROIDAL, grain-oriented silicon-steel. 

CURRENT TRANSFORMERS, single and multi-ratio, Donut type. 
FREQUENCY DOUBLING TRANSFORMERS, 25-50 cps, 60-120 cps. 
REACTORS, fixed, variable (VARI-HENRY). 

REACTORS, saturable (toroidal and c-core types). 

TAK-A-PART TRANSFORMERS and REACTORS for labs and schools. 


TRANSFORMERS, toroidal, instrument and power. 





SPECIALISTS IN CUSTOM-BUILT ELECTRO-MAGNETIC DEVICES 
P.O. BOX 476, Dept. EG-11, Trenton 3, N. J. 








Exceptional 


ENGINEERING 
OPPORTUNITY 


With One of The Nation's 
Leading Growth Companies 
AMERICAN-MARIETTA 
A diversified company, American-Mari- 
etta has had 46 years of consistent, 
rapid growth and uninterrupted profit- 
ability based on progressive manage- 
ment, a continuous research and devel- 
opment program, and growth products 
in many fields: adhesives and resins, 
cement, lime and refractories, construc- 
tion products, paints and finishes, print- 
ing inks, sealants, metallurgy, and en- 
vironmental and control equipment. 
Three-quarters of our management 
group are technically trained. 
Excellent position with our Central En- 
gineering group in Chicago is now 
available for experienced engineer in- 
terested in long-range career opportuni- 
ties, a variety of creative, challenging 
assignments, and complete responsibil- 
ity for project development: 
ELECTRICAL ENGINEER, graduate, 
with five to fifteen years experience in 
design, estimating, supervision of draw- 
ings and preparation of specifications for 
lighting and secondary power distribu- 
tion systems and electrical and electronic 
controls of industrial processing plants. 
This position provides attractive starting 
salary with liberal merit increases based 
on ability and initiative. A full program 
of benefits is available, including a 
company-sp ed educational pro- 
gram. 
All replies confidential. Send resume to: 
J. R. LYTLE 


American-Marietta Company 
101 East Ontario Street 
Chicago 11. Illinois 
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Trade Literature... 


High-Speed 
Precision Balances ... 


General purpose high-speed pre- 
cision balances, designed for small ca- 
pacity industrial weighing operations 
of all types, are described and _illus- 
trated in bulletin 3414. Series “K’’ bal- 
ances utilize the principle of weight by 
substitution to assure maximum accu- 
racy. Weight readings are indicated 
with a shadow-edge light projection on 
a large, direct-reading illuminated dial. 
Included are complete specifications 
and operating instructions for these 
balances. For a free copy of this bul- 
letin or technical assistance with weigh- 
ing problems, write to The Exact 
Weight Scale Co., 541 East Town St., 
Columbus 15, Ohio. 


Synchro Mounting Instructions . . . 


A handy leaflet gives comprehen- 
sive details and illustrations on mount- 
ing and zeroing all types of synchros 
and servomotors, and on fixing gears 
or pinions. Tables specify details for 
mounting panel drilling, and recom- 
mend fixing-screw sizes. Included is a 
comprehensive parts list from which 
the ordering reference for any of the 
accessories may be obtained. Limited to 
synchro manufacturers, the leaflet will 
be mailed free of charge to any part of 
the world by Muirhead & Co. Ltd., 
Beckenham, Kent, England. 


Insulation and Ceramics 
Bonding Charts... 


Two newly published bonding 
charts covering most types of ceramic 
tile and insulation applications show 
at a glance specifications for bonding 
practically any combination of mate- 
rials required. Data is given on insula- 
tion of every type as applied to alu- 
minum, aluminum ducts, aluminum 
foil, asbestos board, brick, drywall (in- 
cluding hardboard), foamed plastic 
pipe covering, galvanized, paper (as- 
phalt impregnated), paper (rosinized), 
plaster, plywood, steel, and vinyl. Ap- 
plication of ceramics of all kinds is 
dealt with in connection with use on 
gypsum wallboard, unpainted gypsum 
white coat, painted plaster, keene’s 
cement, gypsum plaster brown coat, 
portland cement plaster, masonry 
(brick, concrete, cinder block, etec.), 
poured concrete, plywood standard 
grade, plywood exterior grade, cement 
asbestos board, terrazzo, metal, and 
existing tile. Miracle Adhesives Corp., 
250 Pettit Ave., Bellmore, L.I., N.Y. 


NoveMBER 1960 


A-C to D-C Conversion Notes ... 


A new method of a-c to d-c con- 
version has resulted in the issuance 
of a technical data sheet, “Applications 
Notes on AC to DC Conversion,” 
which describes in detail the essential 
mode of operation and the significant 
waveforms, both illustrated with dia- 
grams. A functional block diagram, 
corresponding to the physical hardware 
used to perform a-c to d-c ‘conversion, 
is also included. Combining high de- 
grees of accuracy, reliability, and speed, 
as well as long-term stability, the 
method is particularly suited to the 
requirements of automatic instrumen- 
tation systems. All solid-state precision 
amplifiers and semiconductor switches 
implement the conversion. Adage, Inc., 
292 Main St., Cambridge 42, Mass. 


Secondary Standards For 
Load Cell Calibration ... 


An 8-page technical bulletin dis- 
cusses the various types of secondary 
standards available for force measure- 
ment, as well as the reasons for the 
decrease in the confidence factor as the 
secondary standard accuracy ap- 
proaches the accuracy of the primary 
standard. An installation of a 1,000,000- 
pound-capacity secondary standard for 
load cell calibration, with an accuracy 
of +0.05%, is explained in detail. For 
bulletin TD-103, write to Gilmore 
Industries, Inc., 13015 Woodland Ave., 
Cleveland 20, Ohio. 


Flexible Shaft Handbook ... 


The completely revised fourth edi- 
tion of the S. S. White flexible shaft 
handbook is now available free of 
charge to design engineers and poten- 
tial users of flexible shafts. A simplified 
approach to the selection of flexi- 
ble shafting through standard, pre- 
engineered, or custom-designed flexi- 
ble shafts is featured among the new 
data. Other hitherto unpublished data 
include information on a new, simpli- 
fied engaging system based on integral 
formed square drives, and new, 
improved remote-control and power- 
drive flexible shafts. The handbook de 
scribes in detail the advantages of flexi- 
ble shafts, their function, successful 
applications, fundamental information 
on standard power-drive and remote- 
control shafts, uses of adapters and 
other accessories, and a section of tables 
and statistics. Dep’t P., S. S. White 
Industrial Div., 10 E. 40th St., New 
York 16, N. Y. 


Battery Capacity 
Determination... 


Users of lead-acid batteries for 
motive power application in electric 
industrial trucks will be interested 
in a 4-page brochure which presents a 
quick and easy method for determin- 
ing the capacity of batteries that have 
been in service for more than 3 years. 
Three curves are shown which simplify 
calculations, and three examples of 
actual tests are given in detail. Request 
brochure no. GB-1661-A from Gould- 
National Batteries, Inc., Trenton, N.]. 


Welded Alloy Manual... 


A 56-page welding, brazing, and 
soldering alloy and flux catalog and 
instruction manual includes physical 
properties, major uses, detailed appli- 
cation instructions, and the latest tech- 
niques for welding, brazing, soldering, 
cutting, and hardfacing. Charts and 
tables summarize alloy selection and 
properties, and products are indexed 
by major metal use. The manual is 
designed for the advanced welder or 
engineer, as well as the beginner. 
Practical short-cuts, helpful hints, 
chemical composition, and data on 
automatic and semiautomatic welding 
wire are given. Manual welding, braz- 
ing, soldering, cutting, and tinning 
instructions are also included. Designed 
for maintenance or production weld- 
ers, design, maintenance, and produc- 
tion welding engineers and foremen, 
trade school instructors and _ purchas- 
ing agents, the pocket-size manual is 
also offered in Spanish on written re- 
quest. All-State Welding Alloys Co., 
Inc., 249-55 Ferris Ave., White Plains, 
N.Y. 


Flashover Slide Rule... 


A new slide rule chart lists com- 
plete string flashover values for all 
EEI-NEMA and Fog Type suspension 
insulators. These insulators are iden- 
tified by type, size, and spacing, as well 
as by catalog number. The flashover 
values are arranged so that selecting an 
insulator and adjusting the slide for 
the number of units per string gives a 
reading for all flashover values for 
that particular string. Flashover values 
for all suspensions, in strings of 2 to 
25 units, are listed on the slide. At- 
tractively printed in two colors on 
heavy stock, the flashover slide rule is 
available on request from Lapp Insula- 
tor Co. Inc., Le Roy, N.Y. 


(Continued on page 66A) 
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*296 — that’s the number of switchracks made by Nelson 


the last four years. A Nelson switchrack is the simple, sure way 


to save important money on an outdoor assembly of electrical 
control components. Nelson makes them explosion-proof or 
water-tight and dust-tight, all with conduit factory formed and 
assembled, and with all wiring and cable runs installed.** 97% 
of our switchrack customers come back for additional units 
when in expansion or modernization programs. 


What better evidence of complete satisfaction could be desired? 


This record of proven performance again confirms the fact that 
Nelson is 


BIG ENOUGH TO PERFORM 
SMALL ENOUGH TO CARE 


Be sure to let your Nelson representative figure your next job. 
You will find him listed in the Yellow Pages of major city 
telephone directories. 
** Ask your Nelson man for the facts 
on some of these installations. 


NELSON Z/4cdeer MANUFACTURING CO. 


TULSA, OKLAHOMA 


Prd P. O. BOX 5385 


NATIONAL 7-5530 
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Trade Literature 
(Continued from page 65A) 


Primer for 
Computing Resolvers ... 


A 16-page illustrated monograph de- 
scribes the characteristics of computing 
resolvers, explaining such definitive 
properties as function error and axis 
error, and detailing the techniques of 
measurement. Although computing re- 
solvers may be applied in numerous 
ways, these basic tests will yield enough 
data for both system calculation and 
competitive evaluation. Theta Instru- 
ment Corp., 520 Victor St., Saddle 
Brook, N. J. 


Electrical Calculations 
for Resistance Welders... 


Tables which simplify calculation 
of the electric power supply required 
by resistance welders are contained in 
this 8-page brochure. Factors of elec- 
trical demand and duty cycle are tabu- 
lated to establish minimum welder 
transformer kva_ ratings. Maximum 
safe rate of operation of a welder can 
be readily determined by use of these 
tables, which establish the maximum 
electrical duty cycle of a transformer 
under various demand loads. Request 
bulletin SP-8A from The Taylor Win- 
field Corp., 1048 Mahoning Ave., 
Warren, Ohio. 


Relay Booklet... 


A recently issued booklet on the 
adjustment and maintenance of relays 
contains 8 pages of detailed instruc- 
tions. Line drawings simplify the cor- 
rection of relay difficulties for the 
maintenance man. A section on relay 
terminology is included. P. K. Neuses, 
Inc., 511 N. Dueyer St., Arlington 
Heights, Tl. 


Electric Utility 
Bus Duct Data... 


Application data for electric util- 
ity bus duct is contained in this 12-page 
booklet. The descriptions, drawings, 
dimensions, specifications, engineering 
and test data in the publication give 
specific information needed to lay out, 
specify, and install this type of bus 
duct. Electric utility busway was spe- 
cifically designed to carry excitation 
currents, but it is also ideal for appli- 
cations such as battery charging and 
electroplating. Request application 
data 30-664 from Westinghouse Electric 
Corp., P.O. Box 2099, Pittsburgh 30, 
Pa. 


(Continued on page 68A) 
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SOLVING MATERIAL 
DESIGN PROBLEMS 


ELECTRICAL INSULATION 
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From a cool shave to continuous heat. CDF MICABOND* insulation solved two problems: low cost for tiny commutator V-rings 
in electric shavers ... continuous heat in traction motor and generator V-rings and segments for diesel locomotives. 


You get the exact physical and electrical properties 
you want at low cost when you have a wide selection 
of grades to choose from, plus engineering know-how 


In addition to the MICABOND line, CDF makes 
the industry’s widest range of laminated plastics, 
vulcanized fibre, and other electrical insulating mate- 





to help you with your selection. 

The many grades and types of MICABOND made 
it comparatively easy to solve the different insulation 
problems posed by low cost shaver motors and 
rugged locomotive traction motors and generators. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE -42,,,4f/ COMPANY ® NEWARK 86, DEL. 
in Canada, 46 Hollinger Road, Toronto 16, Ont. 


rials. For MICABOND information, write us for 
catalog M-59. For other product information, ask 
for General Folder 60. Or check your Sweet’s Prod- 
uct Design file. 


y 
Y®@ 


impact resistance. A reason wny MICABOND 
was used as disc insulators for giant mag- 
netic cranes. 


Flexible. CDF MICABOND tapes provide high 
heat resistance for many types of electrical 
windings. 


Long-life insulation. CDF MICABOND is 
used in low-cost slot-cell insulators in motor 
assemblies. 
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TOE LEE 
Sequencing 
Controls 


AiResearch’s design and manufac- 
turing capability covers many types 
of automatic sequencing controls 
such as those for missile ground 
checkout, controlling drone and 
missile flight profiles, and auto- 
matic elevation and leveling of 
radar antennas and missiles. 

Above is an AiResearch sequence 
controller for cabin temperature of 
a jet airliner. It assimilates 25 sen- 
sor element inputs and supplies 
command signals to 18 amplifier 
channels. Consisting of servo- 
operated potentiometer cards, cam 
switch programmer and other 
electromechanical components, it is 
another example of AiResearch’s 
over-all ability to design and pro- 
duce intricate and complicated 
servo systems. 

The most experienced company 
in the development and production 
of control systems for airborne 
and ground use, AiResearch is an 
industry leader in electromechani- 
cal systems and components of all 
types for aircraft, ground handling, 
ordnance and missile systems. 

OTHER ELECTROMECHANICAL 

COMPONENTS AND SYSTEMS 
AC and DC Motors, Generators and 
Controls * Static Inverters and Con- 
verters * Linear and Rotary Actuators « 
Power Servos * Hoists * Temperature 
and Positioning Controls * Sensors * 
Programmers * Missile Launchers + 
Radar Positioners * Power Supplies ° 
Williamsgrip Connectors 


Your inquiries are invited. 


AiResearch Manufacturing Division 


Los Angeles 45, California 
A TTT IE 
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Trade Literature 
(Continued from page 66A) 


“Meteorology 
on the Move”... 


A report published by the Com- 
mittee on Atmospheric Sciences of the 
National Academy of Sciences—Na- 
tional Research Council, notes with 
satisfaction a number of recent under- 
takings by government and academic 
institutions in response to previous 
Committee recommendations, includ- 
ing a first step toward a National Cen- 
ter for Atmospheric Research. The 
report discusses further steps that are 
urgently required, chief among which 
are the rapid development by the 
National Center of an extensive re- 
search and analysis program, and the 
strengthening of the research program 
of the U.S. Weather Bureau. Printing 
and Publishing Office, National Acad- 
emy of Sciences—National Research 
Council, 2101 Constitution Ave., N.W., 
Washington 25, D.C. 


Microscopic Methods 
for Particle Sizing ... 


Technical Information Manual 6 
has been published for those engaged 
in air analysis, filtration and _ purifica- 
tion, and allied occupations. The book- 
let describes methods of determining 
particle sizes by using optical or elec- 
tron microscopes. It tells how to use oil 
immersion techniques for particle 
mounting, and describes the use of the 
eyepiece graticule for sizing and count- 
ing. Proper particle 
methods are also discussed, and the 
equation for converting particle size by 
count to particle size by weight is 
given. Gelman Instrument Co., 106 
North Main St., Chelsea, Mich. 


measurement 


“Welding News”... 


Advantages of mash seam welding 
high-speed high-strength low- 
buildup method of coil joining are de- 
scribed in Vol. 12, no. 1 of this illus- 
trated 6-page publication. Included are 
engineering work 
range of 11 types of special and stand- 
ard automatic coil joining welders, in- 
cluding mash seam, spot, arc, and lap 
seam equipment, to meet every indus- 
trial requirement. 

The bi-monthly pamphlet also con- 
tains useful information on automated 
units performing shearing, welding, 
and cold rolling operations for users 
considering joining equipment on an- 
neal, coating, inspection, slitting, and 
strapping lines. National Electric 
Welding Machines Co., 1846 Trumbull 
St., Bay City, Mich. 


as a 


specifications and 


Defense Dep’t 
Engineering Data... 


A 6-page folder discusses the new 
standards and specifications of the De- 
fense Department's engineering data 
micro-reproduction system. Based on 
speeches by Department of Defense 
spokesmen before the 1960 convention 
of the National Microfilm Association, 
the folder explains the new program 
in simple, concise terms. Since the sys- 
tem is based upon the use of aperture 
cards as the standard medium for ex- 
changing engineering data, an_ illus- 
trated explanation of these cards is 
included. Dept. SO-372, Minnesota 
Mining and Mfg. Co., 900 Bush Ave., 
St. Paul 6, Minn. 


Gamma Spectrometer System ... 


A 12-page brochure describes an 
improved spectrometer system for iden- 
tifying, tracing, and labeling gamma 
emitting radioisotopes. Known as the 
GSS-1, the system employs a new ana- 
lytical principle to obtain higher reso- 
lution over a wider range of spectra 
energy than ever before possible. It can 
analyze emitters within the approxi- 
mate energy range from soft X-rays to 
above 6 mev. At the same time, “dark 
current” background common to othe 
systems is eliminated. Ilustrated in the 
brochure are actufal graphs showing the 
spectra of various radioisotopes. These 
include colbalt-60, lead-210, cesium-137, 
radium, uranium ore, euxenite ore, 
iron-59, chromium-51, and iodine-131. 
Also included are graphs showing two 
or more emitters that were analyzed 
simultaneously. The system consists of 
a combination linear count ratemeter 
and transistorized spectrometer circuit, 
scintillation probe, slave scaler, graphic 
recorder, and universal shield. Request 
brochure no. 704 from Nuclear Meas 
urements Corp., 2460 N. Arlington 
Ave., Indianapolis 18, Ind. 


“Advanced Materials 
Technology”... 


The current issue of this 12-page 
brochure is a condensed descriptive 
resume products 
listed by the publication in the past 
21% years. Among the products dis- 
cussed are KT silicon carbide, GRB 
silicon carbide, silicon carbide foam, 
Fiberfrax, boron nitride, boron car- 
bide, fused refractories, fused mag- 
nesium, zirconium, hafnium, hot 
pressed alumina, and others. The bro- 
chure includes tables, and lists ad- 
vanced materials literature available 
upon request. Advertising Branch, The 
Carborundum Co., Niagara Falls, N.Y. 


covering the new 
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The Task — Provide celestial accuracy for massive sensing devices. 
The Solution — Hydrostatic bearings for smooth, rigid, 
‘frictionless’? support. 


In Polaris submarines and other military applications, these 
hydrostatic bearings, developed by Nortronics, are particularly suited to 
virtually frictionless support of a large structure, which can be 
positioned accurately by a servo system with no unevenness, runout or 
binding — yet extremely stiff under applied loads. 


A NOTE FOR TALENTED ENGINEERS: 

We invite your inquiry as to important positions at Nortronics? 
Precision Products Department. Excellent salaries for qualified men 
in both our Systems and Component Groups. 


Contact E. P. Reardon 


PRECISION PRODUCTS DEPARTMENT 
NORWOOD, MASSACHUSETTS 
Field Offices 


Highway #46 2486 Huntington Drive 


A D ivi sion of Teterboro, New Jersey San Marino, California 
Telephone: ATlantic 7-0461 


NORTHROP CORPORATION | wwr-tesirouck Heights 871-0 TWX-Alhambra 9619-U 
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3rd National Conference 


ON ANALOG 
AND DIGITAL 
INSTRUMENTATION 


March 1959 


This conference was planned to 
provide a review of the progress 
made in instrumentation technol- 
T-113 is the 
record of the conference held at 
Philadelphia, Pa., April 20-21, 


1959. Sponsored by the Recording 


ogy. Publication 


and Controlling Instrumentation 
Committee of the AIEE, the 279- 
page publication contains 31 of 
the papers presented at the meet- 
ing which was divided into the 


following sessions: 


Engineering Education for 
Instrumentation 

Electronic Analog Record- 
ers 

Computer Control Systems 
Data 
for Industrial Processes 


Handling Systems 


Electrical Transducer Sys- 
tems for Electrical Control 


High Speed Data 
Handling and Processing 


Electronic Systems for 
Process Control 


Publication 


T-113 may be 


ordered for $5.00 from the 


Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N. Y. 
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Optics and Electronics 
Technical Reporis ... 


A new series of technical reports 
has a twofold purpose: (1) to publish 
scientific data which is of value to 
many industries and institutions; (2) 
to acquaint readers with the compa- 
ny’s research and engineering capabili- 
ties in optical and electronic systems. 
Report no. 1, “Emissivity Enhance- 
ment of Solar Cells for ‘Temperature 
Control,” discusses various techniques 
for coating these cells in order to in- 
crease cell efficiency by reradiating heat 
and reducing operating temperature 
when they are exposed to direct sun- 
light. Major sections of the 11-page 
report are devoted to construction of 
coating, emissivity, solar absorptivity, 
reflectance, and temperature determi- 
nation. Several pages of charts and dia- 
grams supplement the text. Dr. J. F. 
Hall is the author. For report no. I, 
and future reports, write to Military 
Products Div., Bausch & Lomb Inc., 
Rochester 2, N. Y. 


“Bodine Motorgram”... 


Vol. 40, no. 5 of this publication 
features an article that describes how 
a spectrophotometer is used to make 
chemical analyses. Another article dis- 
cusses the operation of a new high- 
speed electronic process capable of 
translating computer language, and 
printing or displaying the resulting in- 
formation at the rate of 20,000 letters, 
numbers, and symbols per second. Also 
appearing in this issue are definitions 
of different terms commonly associated 
with fractional horsepower motors. 
Bodine Electric Co., 2500 W. Bradley 
Place, Chicago 18, Ill. 


“Computer Characteristics 
Ghert” .:... 


A condensation of this chart ap- 
peared in a recent issue of Business 
Week. The chart catalogs the salient 
features of 43 United States-built gen- 
eral-purpose stored-program electronic 
digital computers. The computers are 
listed in order of decreasing rental, 
with cross-references to the manufac- 
turers. Supplementary sheets describ- 
ing new computer systems, as well as 
any important changes in those already 
listed, will be sent upon publication to 
those who have requested the chart. 
Charles W. Adams Associates Inc., 142 
The Great Rd., Bedford, Mass. 


Custom Wire Striping ... 


“A Design Engineer’s Guide to 
Custom Wire Striping” is designed to 
help the engineer draw up color-coded 
wire specifications. The 4-page 2-color 
brochure covers several areas of wire 
striping, and lists the 100 clearest mili- 
tary-approved — color 
along with the color combinations 
which should most seriously be avoid- 
ed. Another feature of the brochure is 
an easily-read chart which breaks down 
the two most commonly used military 
specifications covering hook-up wire 
(MIL-W-76A and MIL-W-16878C). 
The chart relates the military part 
number to physical construction, tem- 
perature rating, conductor size, strand- 
ing specification, and voltage rating. As 
an aid to engineers requiring the cut 
ting and stripping of MIL wire, the 
brochure also has a technical chart re- 
lating wire footage and number of 
pieces per thousand feet for lengths 
from 14 through 12 inches in 4¢-inch 
increments. Alpha Wire Corp., 200 
Varick St., New York 14, N. Y. 


combinations, 


“Silicones Solve 
Space-Age Problems”... 


An 8-page reference describes a 
few of the many established applica- 
tions for silicones in military and com- 
mercial aircraft, in missiles, and in 
ground support equipment. The im- 
portance silicones have attained in the 
air travel field is well demonstrated by 
the more than 25 applications detailed 
and illustrated in this brochure. Rea- 
sons why silicones have become such 
basic and vital materials are also out- 
lined in this new reference which cov- 
ers such silicone products as fluids, rub- 
ber, potting materials, sealants, and 
protective coatings. Dow Corning 
Corp., Midland, Mich. 


“Powder Metallurgy Quarterly”... 


The latest issue of this publication 
features case histories of electrical ap- 
plications of powder metallurgy parts, 
showing that the products of this proc- 
ess are being used in an ever-increasing 
quantity and variety of application in 
business machines, home appliances, 
lighting fixtures, automobiles, compu: 
ters, motors, electronics, and instru- 
ments. 

The applications described illustrate 
parts used as conductors, solenoids, re- 
lay components, slip rings, shading 
coils, etc., in iron, steel, nickel-silver, 
bronze, and copper, and made by pow- 
der metallurgy. Metal Powder Indus- 
tries Federation, 60 E. 42nd St., New 
York 17, N.Y. 
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The Westinghouse VP-840 hall generator watt transducer 


No moving parts, no tubes, no thermal elements 


This new transducer utilizes the Hall Effect* principle to convert single- 
phase or polyphase watts into d-c millivolts. In addition to the fact 
that this transducer gives instantaneous response, vital to auto- 
matic control, it offers further advantages in that it provides high 
overload capacity and a considerable cost saving, too. 

The VP-840 is supplied for either single-phase or polyphase circuits, 
with or without a built-in filter. With a filter, it operates high-impedance 
devices such as telemetering transmitters, high-gain servoamplifiers, or 
potentiometric type recorders. Without the filter, it is used with low- 
impedance devices such as direct-acting instruments for the measure- 
ment of watts or vars or with magnetic amplifiers in systems control. 

Applied with a simple conventional d-c millivolt meter, this new 
transducer eliminates the complex multiple coil dynamometer mech- 
anisms previously required for the measurement of power. You can be 
sure ... if it’s Westinghouse. J-40526-RB 


*if a conductor carries a current at right angles to a 
magnetic field, a charge difference is generated on the 
surface of the conductor in a direction which is mutually 
perpendicular to both the field and the current 


Westinghouse 
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KP-241 wattmeters and varmeters incorporate the trans- 
ducer circuit in a complete instrument assembly. Watts 
applied to the instrument terminals are converted to a 
proportional d-c voltage which operates our exclusive té« 
(Taut Band Suspension) d-c instrument mechanism, 

For a complete rundown on this revolutionary new devel- 
opment, call your Westinghouse sales engineer or write for 
Catalog Section 43-840, Westinghouse Electric Corporation, 
P. 0. Box 868, Pittsburgh 30, Pa, 
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HIGH VOLTAGE Cngineering 
FOR DESIGN/DEVELOPMENT OR PRODUCTION 
CENTURY COIL designs and builds transformers spe- 


cifically for leading manufacturing and laboratory projects 
throughout the United States. Uses of CENTURY COIL 
transformers range from high voltage in industrial x-ray 
gauging, electrostatic spraying or electronics instrument 
and parts manufacturing . . . . to electrical testing, weld- 
ing operations and experimental processes. 

High power or high potential, single coils or complete 
assemblies. Take advantage of our 25 years of experience. 
Ready consultation is available to help you solve your 
engineering problems. 





-E Century Coté corporation 


1522 CLYBOURN AVENUE ¢ CHICAGO 10, ILLINOIS 


Manufacturers of Special Transformers 





ELECTRICAL INSULATING PAPER 


® Dielectric strength — 300 volts © Density: 1.30 — 1.35 
per mile ® Thickness from .004” to .030” 
® Tensile strength — 13 — 16,000 © 100% rag stock paper 
Ibs./ Sq. In. ® No sizing or fillers used. 
“Glazed roll” finish — others available. 
Can be combined with other materials. 
Available in rolls, sheets or coils. 


High Performance Electrical Insulators 


COPACO — Highest grade 100% rag insulation paper 
COPAREX — Economical grade 100%, rag insulation paper 


COPALAM — Class 8 asbestos — glass laminate insulation 
material 


Write for free samples, literature and name of 
nearest Cottrell representative. 


COTTRELL (7001 Company nc 


88 Purchase St. Fall River, Mass. 


470-9 











The Engineering 
Societies Library 


can be your library department. To your com- 
pany a trained staff and a fully equipped li- | 
brary would be a valuable addition. About 
180,000 engineering texts, and extensive files 

| of periodicals of use to engineers, are avail- 

_ able for further research to meet your specific | 
needs—patents, design, research, construction, 
and management problems. Charges cover 
only the cost of the service, and represent but 
a fraction of the value you will receive. 


The Engineering Societies Library 
29 West 39th Street, New York 18, N. Y. 
_ Mr. Ralph H. Phelps, Director 


Please send me information pamphlet, on services 
available, and their cost. 


Street 























HERE’S HOW 
ENGINEERS ECONOMIZE 


TIME 
ENERGY 


AND GET WHAT THEY WANT 


from all the literature received by 
The Engineering Societies Library 


THE ENGINEERING INDEX staff of 
professional editors will abstract, annotate, and 
index some 30,000 articles in 249 “Field of 
Interest” Divisions of Engineering, selected 
from over 1,500 world-wide technical publi- 
cations in many languages. 





Rapid delivery through weekly distribu- 
tion of library card service. Also available in 
an annual volume encompassing the complete 
service. Free descriptive literature on request. 


THE ENGINEERING INDEX—Inc. 
(A non-profit organization) 
33 West 39th St., New York 18, N.Y. 
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Minimum depth outdoor 
switchgear enclosure 


Walk-in outdoor 
construction 


All-new switchgear makes I-I-E primary 
unit substation better buy than ever 


I-T-E custom designs your primary substation just for 
you—to meet your exact power, space and future 
expansion requirements—yet charges you nothing extra. 
This is just one of the ways that I-T-E gives you a 
better buy. 


And now! I-T-E primary unit substations come with 
completely new HK switchgear as standard equipment. 
You get all the advantages of today’s most advanced 
switchgear in outdoor equipment: new compactness, 
stored energy closing, new ease of access, and new safety 


for personnel. It’s available in minimum depth outdoor 
enclosures for areas where space is limited, or outdoor 
walk-in construction for easy maintenance in bad 
weather. All doors and joints are completely gasketed. 
All parts are treated for rust resistance and painted 
prior to assembly. 


I-T-E primary unit substations are available in all 
standard kva ratings and secondary voltages to 13.8 kv. 
Write for complete information. I-T-E Circuit Breaker 
Company, Dept. SW, 1900 Hamilton St., Phila. 30, Pa. 


|-T-E CIRCUIT BREAKER COMPANY 


NovEMBER 1960 
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IT’S WHAT'S ‘ELECTRICAL ENGINEER: 


H Ni Sl | D E- J to level Sr. Electrical Engineer b Address all resumes, 


required to fill a challenging posi- 
tion in a small integrated group. stating salary ; 
Experience necessary in AC induc- . 3 
T H A T M AK 4 E ° T H E M Bj tien motor design; knowledge of i requirements to: 
| materials, fabrication methods and Mr. John E. Baker I 
\ } AC. circuitry desirable. f ve 
/ Specific responsibility will include W st oh 
the development and design of e In ouse I 
canned motors used in nuclear . . 
pumping applications and space Atomic Equipment l 
power generation systems. Must Dept. 
keep informed as to latest technical - . { 
developments, materials and design j Cheswick, Pennsylvania 
techniques. (Suburban Pittsburgh) t 











ELECTRICAL 
ENGINEERS 


Permanent positions in our St. Louis Office for qualified engineers 
with 2 to 10 years experience, applicable to project design of 
Power Plants, Missile Test Facilities, Industrial Plants, and Institu- 
tional Buildings. Work includes drawing arrangement, detail devel- 
opment, electric circuit and illumination calculation. 


Prefer applicants with working knowledge of Schematic and Wiring 
diagrams. Professional registrations recognized. 


Many company benefits including paid vacations, holidays, sick 
leave and excellent employee benefits and retirement plan. 


SVERDRUP & PARCEL ENGINEERING 
COMPANY 
ENGINEERS — ARCHITECTS 
915 Olive Street, St. Louis 1, Mo. 











If you’re critical about transformer perform- 

ance, examine the construction of Acme Elec- SWITCHGEAR ENGINEER 
tric continuous duty, dry-type transformers. AGE: 
You'll like what you see; sturdily Piaget 4 
grain oriented steel laminations, form woun CAT OR 
coils, which are rigidly braced to resist the EDUCATION: B.S.E.E 
shock of heavy current surges. Ample spacing EXPERIENCE: 5 vears in 5 & 15 KV metal- 
of components in a design that invites air cir- F " “ el Jgoerir: ze 2 Re Pe 
culation. High quality, insulating materials clac swite igear application; en- 
more than adequately withstand temperature gineering background should 
rise for the respective classes of construction. include some design or develop- 
Our many years of constructing Class H in- 
sulation transformers can be of value to you. 


To 45 years 


. minimum 


ment work. 


Challenging Position—Unlimited Potential 


A Send Complete Resume Including Salary 
Compact, light z ie me 
weight, quiet! Requirement To Box 107 
These are impor- 
tant features that 
have won the ap- 
proval of plant en- 


ac generat ELECTRONICS ENGINEERS AND PHYSICISTS 


where. Interior B.S. or M.S. in E.E. with Electronics Major and at least 4 years ex- 
construction causes perience in 3 of the following fields: Electronic Circuit Design, Wave 
automatic air-flow Shaping and Timing Equipment, Electronic Digital and Analog Com- 
cooling. putation or Servo Theory. 











Write for catalog. Ph.D. in Physics or Electronics. No experience necessary but prefer 
candidates with interest in specializing in Electron Optics and Magneto- 
Hydrodynamics. 


a Cc M E E L E Cc T R I Cc Cc Oo R P Oo R AT I Oo N These are permanent positions offering good salaries and opportunities 


2211 Water St. Cuba, N. Y. for personal and professional growth, Liberal benefits include well- 
established pension, group insurance and stock investment plans, Our 
modern laboratories are located in a pleasant suburban location in 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. north central New Jersey 45 minutes from New York City. Mail com- 
eiceuaitaaies plete resume with salary requirements to personnel manager. 


AIR REDUCTION COMPANY, INC. 
CENTRAL RESEARCH LABORATORIES 
MURRAY HILL, N. J. 
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Installing NECCOBOND coils in 4000 HP, 400 rpm, 6600-volt stator of mill drive motor. 


NECCOBOND insulation system protects motors in severe environments 


Provides optimum resistance to moisture, heat, corrosive atmospheres 


NECCOBOND is specified for rewinding many big rotating 
machines, like this 6600-volt steel mill motor, that have to per- 
form in rugged environmental conditions. 


NECCOBOND is based on time-proven insulating materials — 
mica and glass. These are welded by a special impregnant into a 
tenaciously bonded, resilient, voidless insulation wall. A unique 
method of fabrication assures homogeneous insulation. 

When you require rewinding or rebuilding of your heavy duty 
motors, particularly where moisture, heat, or corrosive atmos- 
pheres are encountered, specify NECCOBOND. For information 
call National’s Columbus plant... HUdson 8-1151...or check the 

Completed winding passes 23,000-volt test. nearest National field engineer. 


DIVISION OF 


Ay & * * 
eons") a | Le Pees | ectric au 
\. cons 

x) 


“\ 


COLUMBUS 16, OHIO « IN CANADA: ST. JOHNS, QUEBEC 
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Last year, traffic accidents killed 37,000, injured 1,400,000 


.--and they wasted Five Billion Dollars! 
Traffic accidents’ human toll is so tragic we sometimes overlook their 
staggering economic waste. Five Billion Dollars in lost wages, medical 
expenses, insurance costs and property damage! Your business— every 
business—shares in this loss. So you have a double interest in helping 
reduce traffic accidents. And you can help! Drive safely and obey the law 
yourself... certainly. But go further. Use your influence to promote safe 
driving and urge strict law enforcement. To make your efforts more effec- 
tive, join with others working actively to reduce traffic hazards in your 
community. Support your local Safety Council! 


@@ 


Where traffic laws are strictly enforced, deaths go DOWN! 


Published in an effort to save lives, in cooperation with the National Safety Council and The Advertising Council. 
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Circle CIRCLOC* interlocked Armored Cable com- 
bines flexibility with mechanical protection in one 
lightweight, economical construction. It trains 
easily over obstructions; is ideal for future plant 
expansion. Available in galvanized steel, bronze or 
aluminum armor—from 600 to 15,000 volts. 


how good should 
power cable be 


.. for dielectric strength ? 


At CIRCLE, the point is not how well specifications are met— 
but rather how far they can be exceeded! Take, for example, the 
well-known “double voltage test” as required by IPCEA-NEMA. 


IPCEA-NEMA Performance Requirements 


“6.5.3 After the sample has been immersed for at least one hour, it 
shall withstand for 5 minutes a test voltage which is twice the test 
voltage given in Table 12.” 

“6.5.4 ... starting with the voltage at which the test described in 
6.5.3 was made, the voltage shall be raised in steps of approximately 
20 per cent of the immediately preceding voltage until failure occurs, 
the voltage to be kept constant at each step for 5 mintues.” 


“Circlesheath® Type RR Power Cable Performance” 


The following table describes the performance of three samples of 
Circle butyl-insulated Type RR power cable. 





CABLE RATED DOUBLE AC CIRCLE B'KON | MAXIMUM STRESS 
SIZE VOLTAGE | TEST VOLTAGE VOLTAGE IN VOLTS PER MIL 


2 AWG 5KV 28KV 48.3KV 454 
1/0 AWG 5KV 28KV 40.3KV 356 
500 MCM 5KV 31KV 44.6KV 307 
































A Circle power cable, subjected for over two years to a 250% overload 
of rated voltage in a test still in process, continues to meet all 
specified requirements. 


Turning out high-reliability power cable requires expert knowl- 
edge of compounds, absolute quality control—_and men who 
know enough to produce the very best. Next time you specify 
power cable, ask for Circle—there’s no finer made. 


CIRCLE WIRE & CABLE CorP., Maspeth, N. Y. 


WIRE & CABLE 
{ Re a subsidiary of 
3 L Cerro ve Pasco Corporation 


RUBBER COVERED WIRE & CABLE + VARNISHED CAMBRIC CABLE - 
PLASTIC INSULATED CABLE + NEOPRENE SHEATHED CABLE + CIRTUBE* EMT 
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Electric Power Distribution 
for Industrial Plants 


No. 952 


The purpose of this completely revised, October 1956 issue (Red 
Book) is to demonstrate the important features of well-designed 
electric distribution systems that result in satisfactory performance 
of utilization equipment and efficient operation of the plant; it 
covers the features of the electric distribution systems which are 
applicable to most types and sizes of industrial plants. It sets 
forth the elements of the distribution system both on how to ac- 
complish desired results and the reasons. $6.00 per copy (50% 
discount to AIEE members); 172 pages. 





Grounding of 
Industrial Power Systems 


No. 953 


This companion publication (also October 1956) (Green Book) 
covers the problems of system grounding, connecting the frames 
and enclosures of electric apparatus to a ground system, the 
problems of static, the methods of protecting structures against 
the effects of lightning, and the probi of obtaining a low re- 
sistance connection to the earth. $2.20 per copy (50% discount to 
AIEE members); 40 pages. 





Send orders and remittance to Order Department, 


American Institute of Electrical Engineers 
33 West 39th Street e New York 18, N. Y. 
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STEELS / for electrical and electronic apparatus 


Armco Oriented Electrical Steels 


Asmeo’s complete line of oriented 
grades gives you these fundamental 
advantages because they combine such 
a wide range of useful magnetic prop- 
erties, high magnetic quality and 
excellent fabricating characteristics. 
They enable you to design economical 
cores for the performance you need. 
They help trim manufacturing costs, 
too. 

Here are a few of the outstanding 
reasons why manufacturers of all types 
of high performance transformers use 
Armco Oriented Electrical Steels: 


Give High Performance Transformers 
Maximum Efficiency at Lowest Cost 


Range of grades from M-5 to M-8 

High permeability at high inductions 
Properties developed at mill 

High resistivity, thin surface insulation 
Consistently high magnetic quality 
Good punching quality and flatness 
Excellent lamination factors 

Complete design curves available 
Armco Oriented Electrical Steels can 
help you meet the challenge of com- 
petition and rising costs. Write us 
today for your copy of our design 
manual and see how these materials 
can be effectively utilized in your trans- 
formers. Armco Steel Corporation, 


3000 Curtis Street, Middletown, Ohio. 


ARMCO STEEL 





Armco Division * Sheffield Division * The National Supply Company + Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 
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for Your Tektronix 
Oscilloscope 


The P6016 AC Current Probe and Type 131 
Amplifier constitute a current-detecting system 
for use with your Tektronix Oscilloscope. This 
system provides accurate displays for observa- 
tion and measurement of current waveforms. 
Current range extends from less than one milli- 
amp to 10 amps. Passband, with a 30-mc 
oscilloscope, is 50 cps to approximately 17 mc. 


A second system comprises the P6016 AC 
Current Probe with a Passive Termination. 
Although less versatile, this system provides 
for observation and measurement of current 
waveforms at frequencies to approximately 20 
me with a 30-mc oscilloscope. 


Long narrow shape and convenient thumb 
control make the P6016 easy to use. Just place 
probe slot over conductor and close slide with 
thumb—no direct electrical connection is re- 
quired. Wiping action keeps core surfaces 
clean. Loading introduced is so light that it 
can almost always be disregarded. 


CAREER OPPORTUNITIES now exist at Tektronix in 
the following fields: Instrument design, Circuit design 
and engineering, Cathode ray tubes, Electron physics, 
Solid state and semi-conductor devices. For information 
write to Irving Smith, Professional Placement. 


e 
Tektronix, Inc. 
P. O. Box 500 * Beaverton, Oregon 
Phone Mitchell 4-0161 * TWX—BEAV 311 * Cable: TEKTRONIX 
rian on sya FIELD hye picreener 


E alif. « West A zel€ alif.) » Minnear 


Poughkeepsie, N.Y. + SanC shit 


TEKTRONIX ENGINEERING REPRESENTATIVES: 


SP £8 CCRC AT 1 O's 
P6016 and TYPE 131 SYSTEM 


Noise: 
Equivalent to a 100-microampere 
peak-to-peak input signal. 


Risetime (with Type K or L Plug-In 
Unit in a Type 540-Series 
Oscilloscope): 
20 nanoseconds (approximately 17 mc 
at 3 db down). 
Sensitivity with 50 mv/div 
Oscilloscope Input: 
1 ma/div basic sensitivity. Ten-posi- 
tion switch provides calibrated steps Maximum Current Rating: 
of 1, 2, 5, 10, 20, and 50 ma/div .. . 0.1, 10 amperes peak-to-peak. 
0.2, 0.5, and 1 amp/div, accurate with- 
in 3%. Continuous uncalibrated ad- Power Requirements: 
justment is possible by using variable 105-125 volts ac, approximately 
control on the oscilloscope. watt at 117 v. 


Low-frequency Response: 
50 cps at 3 db down. 


P6016 and PASSIVE TERMINATION SYSTEM 


Sensitivity: 
Either 2 or 10 milliamps per millivolt 
of oscilloscope sensitivity, accurate 
within 3% 
Risetime (with Type K or L Plug-In 
Unit in a Type 540-Series A Es 
Oscilloscope): Ae Ages 
18 nanoseconds (approximately 20 mc — 
at 3 db down). At 10 ma/mv—about 230 cps at 3 db 
Low-Frequency Response: down (5% tilt of 55 microsecond 
At 2 ma/mv—about 850 cps at 3 db square pulse). 
down (5% tilt of 14 microsecond Maximum Current Rating: 
square pulse). 15 amperes peak-to-peak. 


COMMON TO BOTH SYSTEMS 


Direct Current Saturation Insertion Impedance: 
Threshold: About 0.005 ohms or less in series 
Y% ampere. with conductor under test, and typi- 
Maximum Breakdown Voltage cally about 1.5 picofarads between the 
Rating: conductor and probe case. 
600 volts, with thumb slide closed. 


Price, TYPE P6016 and TYPE 131 SYSTEM 
TYPE P6016 and PASSIVE TERMINATION SYSTEM 
Type P6016, purchased separately os 
Type 131, purchased separately . 
Passive Termination, purchased separate ly 
f.o.b. factory 


1.) « Cleveland, Ohio + Dalias, Texas » Daytor 
« Los Angeles Area (East Los Angeles, Calif 
Philadelphia, Pa. « Phoenix (Scottsdale, Ariz.) 
Annandale, Va.) 


countries by qualified engineering organization 


In Europe please write Tektronix Inc., Victoria Ave., St. decimeee inecantd C.1., for the nies of the Tektronix Representative in your country. 
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for Spin Analysis 
SS sian : 


Fans, rotors, turbines, gears, wheels, and shafts are but a few of 
the thousands of rotating devices that can be checked under 
dynamic operating conditions with the new Strobotac . This in- 
strument’s short-duration bright, white light ‘‘freezes’’ any cyclic 
motion, permitting the observation of fine details. Speed can be 
accurately measured... or, by slightly offsetting the Strobotac’s 
flashing rate from the actual rotational rate, objects can be ob- 
served in apparent slow motion. 


* Useful up to 250,000 rpm. model. Long-throw beam 


Direct reading range cali- 
brated from 110 to 25,000 
rpm; accurate to =1%. 


% Short 0.8 usec flash dura- 


tion on high-speed range. 


reaches deep into dark 
crannies of machinery. 


New mechanical features 
. pivoting lamp ...a 
carrying case which pro- 


* Light 70 times brighter 
than that of previous 


vides protection and 
doubles as an adjustable 
stand for bench use. 


e Type 1531-A Strobotac® Electronic Tachometer 


(Photo courtesy of MIT Aeroelastic and Structures Research Laboratory 
Department of Aeronautics and Astronautics.) 


The Strobotac’s long-throw beam makes it possible to observe in detail 
a model helicopter rotor operating in a wind tunnel. Blade lag and 
flapping are clearly observed in slow-motion. This technique shows 
what is happening to the rotor under various flight conditions and at 
the same time serves as a visual check on vibration data provided by 
strain gages mounted on the rotor head. 


Write For Complete Information 


and Motion Analyzer ... $260. 


At General Electric's Small Aircraft Engine Department, the Strobotac 
helps engineers examine vibratory modes in aircraft gas-turbine 
blades. In this work, the new Strobotac’s short-duration white light 
greatly improves visual resolution. Mode shapes are clearly defined at 
various excitation frequencies produced by an electro-magnetic driver. 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 





NEW YORK, WOrth 4-2722 
NEW JERSEY, Ridgefield, WHitney 3-3140 


CHICAGO 
Ook Park 
Village 8-9400 


Abington 


PHILADELPHIA WASHINGTON, D.C. SAN —— 


HAncock 4-7419 JUniper 5-1088 


— ANGELES IN CANADA 
Silver Spring Los Alto: Angeles 


Toronto 
Whitecliff 8. 8233 HOtpwood 9-6201 CHerry 6-2171 
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- © Aniptrep 


The higher the short-circuit, the quicker Amp-trap clears thefault and limits the current to safe levels. 


Remember . . . interrupting capacity is not protection without current limitation. Interrupts 





up to 200,000 Amps. symmetrical over the entire Ampere range. Stops short circuits short. 
Anticipates and prevents destruction before it can occur. 
Faster than any ordinary fuse. 
Use Amp-trap on all general power circuits, DC circuits, Networks, Entrance Switches, Busways, etc. 
Be safe, not sorry — ask for, get and install Amp-trap. 


There is one for every purpose. Write today. 




























































































